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Abstract

Objective: 
To assess the predictive performance of early warning scores (EWS) in different disease 
subgroups and clinical settings.
Design: 
Systematic review.
Data sources: 
Medline, CINAHL, EMBASE and Cochrane database of systematic reviews from 1997 to 
2019. 
Inclusion criteria: 
Randomised trials and observational studies of internal or external validation of EWS, used to 
predict deterioration (mortality, ICU transfer and cardiac arrest), in any disease subgroups or 
clinical setting were included. 
Results:
Our search identified 770 studies, of which 108 were included. Study designs and methods 
used to measure predictive accuracy were inconsistent. Risk of bias was significant (high: n = 
26 and unclear: n = 58 and low risk: n =19). Research was predominantly observational with 
only two randomised trials. Predictive accuracy was highest in medical and surgical settings 
and respiratory diseases of AUC mean (95%CI): 0.74 (0.74–0.75), 0.77 (0.75–0.80), and 0.77 
(0.75–0.80), respectively. There were few studies evaluating EWS in specific diseases, e.g. in 
cardiology (n = 1), and respiratory (n = 7). Mortality and ICU transfer are the most studied 
outcomes, and cardiac arrest was least examined (n = 8). EWS integration in electronic health 
records (EHRs) was found in only nine studies. 
Conclusion: 
Predictive performance of EWS varies by disease and setting. The methodology and the quality 
of validation studies of EWS is insufficient to recommend their use in all diseases and all 
clinical settings. There is an urgent need for consistency in methods, and study design, 
following consensus guidelines for predictive risk scores. Further research should consider 
specific diseases and settings, utilising EHR data, prior to large-scale implementation.

Systematic review registration: 
PROPSERO CRD42019143141

Strengths and limitations
 The first systematic review to investigate the performance of EWS in different patient 

disease subgroups and clinical settings.
 The study highlights gaps in EWS research in different disease subgroups and clinical 

settings.
 This study is limited to specific diseases and settings and does not consider the use of 

EWS in the general population.
 Analysis of EWS’ predictive accuracy is based on AUC results only; the most 

commonly used measure. Results by other validation measures have not been analysed 
due to their limitations and differences. 
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Introduction 

Across diseases, patient deterioration can range from critical care review and sepsis, to 
cardiorespiratory arrest and death, resulting in strain on healthcare resources(1,2). Delays or 
failures in timely detection of deterioration adversely affect prognosis, morbidity, mortality, 
and healthcare burdens(3). For example, the 20, 000 in-hospital cardiac arrests per year in 
England are associated with costs of £50 million for resuscitation and post-arrest care(4). 

Specific characteristics have long been known to be associated with deteriorating patient 
health(2, 5–8), including physiological parameters, such as heart rate and blood pressure (5, 9–
11). Early warning scores (EWS), widely used in high-income countries, were borne out of the 
need for early detection and use simple algorithms based on physiological parameters to help 
clinicians to recognise any worsening in patient status. Standardised tools, such as the modified 
early warning score (MEWS) (12) were developed for use across different hospital settings, 
but specialised tools were also designed for particular subgroups, e.g. Rapid Emergency 
Medicine Score (REMS) (13) and Quick Sequential Organ Failure Assessment (qSOFA) (14) 
for patients with infections. In recognising different settings, EWS may have compromised 
simplicity and timeliness of assessment (15). A number of EWS rely on parameters that do not 
exist in the first hours of assessment, such as blood investigations and imaging (1,16,17). 

From fragmented implementation and inadequate early assessment via specialised tools, EWS 
have shifted back to the standardised prediction models, particularly, the national early warning 
score (NEWS)(18), followed by NEWS2 (19). NEWS2 was endorsed by NHS England (20), 
but concerns have included excessive calls to clinicians, and administrative workload. 
Moreover, symptoms can vary greatly across diseases and settings; partly due to differing 
pathophysiology depending on the body system affected (21). Therefore, effective EWS may 
have to be developed for specific disease populations(22).

Systematic reviews have evaluated EWS in pre-hospital settings, ICU and general wards 
(3,23,24), and patients with sepsis (12), with narrow inclusion criteria and poor methodological 
quality of included studies. A recent systematic review evaluated development and validation 
of EWS in general patients, but did not include studies in specific disease subgroups or 
settings(25). 

Objective

In a systematic review, we aim to describe the performance of EWS in different diseases and 
different clinical settings. 
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Methods 

Search strategy 
The protocol adhered to guidelines of PRISMA-P(26). Published articles were identified by 
searching MEDLINE, CINHAL and EMBASE, between 1997 (initial development of EWS) 
and 2019. The Cochrane database was searched for systematic reviews (CDSR) and trials 
(CENTRAL). For grey literature, Google Scholar was searched. During the screening 
procedure, studies were added from references in review articles and studies. Search strategies 
were developed by two authors (BA and AB) and reviewed by a third author (TB). Terms used 
for searching databases include vocabulary terms for early warning or track and trigger scores 
and acronyms, identified subgroups and settings (e.g., MeSH) and free-text search terms 
(Figure 1; see Appendix 1).

Inclusion and exclusion criteria
Patient subgroups are identified according to the disease categories and the clinical settings 
(Appendix 2).

Studies were included when: (1) validation of EWS in adult patients was in a specific setting 
or disease; (2) it examined the performance of the score, or the impact on mortality, transfer to 
higher care and cardiac arrest; (3) studies were prospective and retrospective cohort, cross-
sectional, case-control studies and trials. 

Studies were excluded when: (1) patients were less than 16 years of age; (2) EWS performance 
was examined in derivation, not validation; (3) non-standard EWS developed for a specific 
subgroup; (4) EWS validation was performed in a general patient dataset or setting, e.g. 
validation in a general hospital without consideration of hospital subgroups. 

Data extraction
Articles were screened by title and abstract by one author (BA), then full-text screening was 
by two reviewers (BA and AB). Data was extracted independently by two reviewers (BA and 
AB) using a standardised and piloted data form, and any disagreements were resolved by a 
third reviewer (TB). Items for extraction for studies examining predictive accuracy were based 
on the CHARMS (27) checklist, except for tool derivation that was excluded. For studies 
addressing clinical outcomes, data extracted were adapted from Agency for Healthcare 
Research and Quality criteria (28). Data extraction was by two reviewers (AB and TB). When 
uncertainty occurred, it was resolved by discussion with the study team. Quantitative analysis 
was conducted where possible, as well as narrative synthesis.  

Quality assessment
Risk of biases in validation studies was assessed using PROBAST (29), which classifies studies 
as low, unclear, or high risk of bias in four aspects: participant selection, predictors, outcomes 
and analysis within the overall risk of bias and the study applicability domains. For studies 
examining the clinical outcomes of EWS, ROBINS-I (30) was used.

Patient and public involvement 
Patients or the public were not involved in the design, or conduct, or reporting, or dissemination 
plans of our research
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Results

Studies characteristics

From a total of 16,181 articles identified via databases, 1,355 articles’ titles and abstracts were 
screened, and 770 articles were assessed in full for eligibility. A total of 108 articles were 
included in the final stage; 103 articles assessed the predictive accuracy of EWS, and five 
articles pertained to the impact of EWS in various diseases and settings. These studies were 
predominately observational (retrospective= 65, prospective= 36 and RCT=2). Emergency 
department (ED) (n = 47) was the most common clinical setting, followed by medical (n = 13), 
intensive care unit (ICU) (n = 13), then surgical (n = 9) settings. Sepsis (n = 33) was the 
commonest disease subgroup, and other subgroups ranged from respiratory (n=8) to renal (n=1) 
(Figure 1 and 2).

Mortality was the main studied outcome, and cardiac arrest was found in a small number of 
studies (n = 8). The effect of EWS on the long-term clinical outcomes was assessed in clinical 
settings (n = 5): including ICU (n = 1), surgical (n = 1) and medical settings (n = 3). 

Quality assessment

There was a significant risk of bias found in majority of studies (high risk of bias=26 and 
unclear risk of bias = 58), while low risk of bias in only 19 studies. In terms of applicability, 
the narrow inclusion of examined conditions in a certain disease group commonly related to 
the risk of bias, while in general assessments, biases were commonly related to low sample 
size or unspecified timing of EWS assessment. There was a wide variation between studies 
sample sizes (median: 551 and range: 43 - 920029). Studies varied in defining study 
populations by number of patients, hospital admissions or not specifying the particular study 
sample. Almost half of the studies (n = 49, 48%) have validated their score on a sample of 
fewer than 500 patients with either multiple or a single observation set (table 1 and 2). Articles 
investigating the clinical outcomes in different settings were either of low risk (n = 2) or 
moderate risk of bias (n =3). External validation was more common (n = 83) than internal 
validation (n = 18) and two studies included internal and external validation (see Appendix 3).

EWS validation in patients’ subgroups

- Subgroups and EWS 

In the studies validating EWS, there was heterogeneity in subgroup definitions, tools, and 
methods of measuring predictive accuracy was observed. There was overlap commonly 
between studies of patients with infections receiving care in emergency settings (31–33) and 
patients with sepsis admitted to intensive care settings (34,35). 

EWS models that were integrated with electronic health records (EHR) were examined in 
recent studies (n = 9). Research on datasets utilising EWS-embedded EHRs had larger sample 
sizes, ranging from 504 (36) to 13,014 patients (37) (Table 1 and 2), with moderate to high 
predictive ability (area under the curve, AUC: 0.65–0.85). Several studies included comparison 
between different EWS on the same cohort was in (32,35,38) (see Appendix 2).

- Methodology
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There was significant heterogeneity in methods across studies. The majority of studies were 
observational. Evaluation of predictive accuracy of different EWS in the same study  was 
common (39–42). To measure accuracy of EWS, AUC was most commonly used (n = 94), 
especially when comparing different EWS in the same study (41,43). Presentation of results 
was variable; for example, confidence intervals were missing in many studies. Other measures, 
such as analysing sensitivity and specificity, prognostic index and odds ratios, were found in 
only eight studies (Table 1 and 2). Consequently, it was only feasible to analyse predictive 
accuracy in studies where AUC was the chosen measure.

Timing from EWS assessment to endpoints was variable. Many studies included (n = 43) 
measured AUC within 24 to 48 hours, while 11 studies had endpoints more than 48-hrs after 
EWS. However, the majority (n = 65, 63%) did not specify the time horizon or in-hospital 
outcome.  

- Predictive performance of EWS 

Outcomes were most commonly mortality, transfer to ICU, developing sepsis (in patients with 
infections), and cardiac arrest. Few studies examined other outcomes, such as respiratory arrest 
(n = 1) and organ failure (n = 4). Mortality, ICU admission and cardiac arrest were best 
predicted in medical (AUC mean: 0.74, 0.75 and 0.74)(44–46) and surgical settings (0.80, 0.79 
and 0.75)(47,48), and respiratory diseases (0.75, 0.80 and 0.75) respectively. EWS prediction 
of sepsis had reasonable predictive performance in all subgroups (AUC: 0.71–0.79), and 
infectious diseases in particular (AUC: 0.79). Certain outcomes related to specific disease 
groups were not studied, e.g. cardiac arrest was not studied in cardiac patients (41); respiratory 
arrest was not tested in respiratory patients (44,49,50). 

In disease groups, the best predictive performance was found in the studies examining cardiac 
(44), stroke (44,51) and renal (44) diseases (AUC: 0.93, 0.88 and 0.87 respectively). In  
emergency settings, predictive accuracy was variable (AUC: 0.56–0.91) (52–56). In the 
haematology and oncology diseases, EWS predictive ability was suboptimal in mortality, 
cardiac arrest and ICU transfer (AUC: 0.52-0.69; Figures 3 and 4) (57–59). EWS prediction of 
ICU transfer showed acceptable results in the emergency department settings (55,60), 
infectious diseases (61,62), and where both groups overlap (39,63), but not in gastroenterology 
and haematology studies (AUC: 0.64 and 0.60) (58,64). Cardiac arrest was the least examined 
outcome among the three cut points (n = 8) and unstudied in cardiac diseases. (Figures 3 and 
4; Appendix 3) 

From the diseases and settings explored in this systematic review, the long-term outcomes 
following EWS implementation were narrowly explored in five studies in the ICU, medical 
and surgical settings. Results were mixed: mortality rate was reduced in three of the studies, in 
ICU (8) and medical settings (65); and no improvement was observed in a medical setting , yet 
the study period was undoubtedly inadequate: four months in each study arm within the same 
year (66). The ICU transfer and cardiac arrest rates improved in a study in a surgical (67) and 
a medical area (65), while deteriorated in another medical setting study (66). In the surgical 
sites, ICU admission rate improved in one study (67).
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Discussion 

In this comprehensive review of EWS across all diseases and settings, we had three main 
findings. First, EWS studies in different diseases and clinical settings were heterogeneous in 
methodology, predictive performance measures, and number of studies in each subgroup, with 
evidence of suboptimal performance of EWS. Second, validation of EWS is limited in 
specialised settings, including cardiac disease. Third, despite widespread EHR and EWS 
integration, few studies have explored EHR-based EWS.

Inconsistency in evaluation and the lack of good-quality validation makes the evidence of 
validity questionable, which ultimately affects how EWS can and should be used in clinical 
practice, e.g. predicting risk of future deterioration versus actual deterioration(25). The role of 
multiple observations and change over time is poorly evaluated. For example, a single 
observation is generally associated with high AUC compared to multiple observations (44,68). 
Moreover, AUC, the most commonly used measure of predictive performance, has limitations 
and other metrics, including positive predictive value, should also be assessed (69, 70). 
Recording observations at an agreed threshold point before the event in a standardised method 
is necessary to evaluate EWS performance effectively. 

EWS were primarily designed for the general patient populations in wards and emergency 
departments, and remain under-evaluated in specialised diseases and settings. Critical events 
are commonly associated with cardiovascular diseases, but EWS are poorly validated in this 
subgroup. Specific disease areas may show unique alarm signs when critical events are 
anticipated, which may not be captured by standardised EWS, such as NEWS2, where 
prediction of deterioration is based on predefined thresholds in all patients (20). Thus, some of 
the parameters in the EWS might not be applicable, and the score could be unrepresentative of 
the critical state of these patients (22). A recent study of  NEWS2 in patients with coronavirus 
infection found poor performance in severity prediction (71), despite pre-existing conditions 
being common and predictive in patients with severe outcomes. EWS may need to take account 
of disease-specific risk factors and comorbidities, not to mention the changing organisation 
within hospitals and re-allocation of staff and patients in the current COVID-19 context.  . 

Widespread uptake of EHR and digitisation of patient observations are expected to contribute 
to efficient use of EWS, by reducing human errors in documentation and calculation, and 
delays in escalation of care, as well as better evaluation studies of EWS. However, relatively 
few studies have considered EHR-based EWS, and those studies have lacked clarity as to 
whether predictive performance of EWS is related to EHR use, diseases or settings. 
Investigating the implementation and adoption is necessary to understand the application of 
EWS. Predictive algorithms derived by machine learning have been successfully used in 
developing and validating different derived EWS (38,72, 73), but will require robust 
evaluation. Studying the implementation process of EWS within EHR, providing opportunity 
for qualitative and quantitative insights into escalation of care and facilitators and barriers to 
use of EWS in routine practice.

This is a comprehensive systematic review across diseases and clinical settings. We looked 
across methodologies of evaluation as well as performance of EWS. However, we did not 
include articles in languages other than English, or studies of EWS in children or EWS 
derivation. We were concerned with the use of general EWS in particular patient subgroups 
and did not assess EWS developed specifically for particular subgroups or settings. 
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In terms of research, validation of EWS in disease subgroups should consider similarities and 
differences across diseases, sample size, and include measures of model discrimination and 
calibration. Further research should adhere to established guidelines on clinical outcomes and 
predictive clinical scoring for decision-making, such as the PROGRESS framework (74). In 
terms of clinical practice, evidence for use of EWS in specialised settings is currently deficient. 
Both health professionals and healthcare management teams need to be aware of the limitations 
of EWS and ensure appropriate specialist nursing and care to fully understand patients in 
particular subgroups and setting rather than relying on generic EWS. 

Conclusion 

Early warning scores in specific patient subgroups and settings require further prospective 
validation of their performance in detecting worsening patient outcomes. 
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Figures and Tables

Figure 1. Search strategy diagram using PRISMA (Preferred reporting items for systematic 
reviews and meta-analyses).

Figure 2.  Number of studies on EWS performance in different subgroups and settings.

Figure 3. EWS average performance average (measured by AUC) in different disease 
subgroups

Figure 4: EWS average performance (measured by AUC) in different disease clinical 
settings. 

Table 1. Characteristics of included studies on EWS’ predictive performance in patients’ 
subgroups and settings (from largest to smallest sample in each subgroup)

Table 2. Characteristics of included studies on EWS’ predictive performance in clinical 
settings (from largest to smallest sample in each setting).
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Figure 1. Search strategy diagram using PRISMA (Preferred reporting items for systematic 
reviews and meta-analyses).
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Figure 2.  Number of studies on EWS performance in different subgroups and settings.

Abbreviations: ED: emergency departments, ICU: intensive care units, GI: gastroenterology, CVD: cardiovascular diseases, (n): indicates 
the number of studies in each group.

Figure 3. EWS average performance average (measured by AUC) in different disease 
subgroups
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Note: AUC describes EWS ability to predict an outcome accurately, the higher than 0.5, the better the predictability, and 0.5 indicates no 
ability to predict an
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Figure 4: EWS average performance (measured by AUC) in different disease clinical 
settings. 

Note: AUC describes EWS ability to predict an outcome accurately, the higher than 0.5, the better the predictability, and 0.5 indicates no 
ability to predict an
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Table 1. Characteristics of included studies on EWS’ predictive performance in patients’ subgroups and settings (from largest to smallest sample in each subgroup)
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Kellett, 2012 Canada ● ○ ○ ● ● ● ○ ○ ● ○ ● ● ● ○ ○ ○ 10007 ✗ ● ○ ○ ○ ○ ○ ○ ○ ○ ○     AUC ✓ ✗ ✗ ✗ ✗

Kim, 2017 Korea ○ ● ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ● ○ ○ ○ 2172 ✓ ● ○ ○ ○ ○ ○ ○ ○ ○ ○ AUC ✗ ✓ ✗ ✗ ✗

Bozkurt, 2015 Turkey ○ ● ○ ○ ○ ○ ○ ○ ○ ○ ○ ○  ○ ● ○ ○ 202 ✗ ○ ● ○ ○ ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗

Seak, 2017 Taiwan ○ ● ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ● ○ ○ ○ 66 ✗ ○ ● ○ ○ ○ ○ ○ ○ ○ ○ AUC ✓ ✓ ✗ ✗ ✗

Hu, 2016 USA ○ ○ ● ○ ○ ● ○ ○ ○ ○ ○ ○ ● ○ ○ ○ 565 ✓ ○ ○ ● ○ ○ ○ ○ ○ ○ ○ AUC ✓ ✓ ✓ ✗ ✗

Liljehult, 2016 Denmark ○ ○ ● ○ ○ ○ ○ ○ ○ ○ ○ ○ ● ○ ○ ○ 274 ✗ ○ ○ ● ○ ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗

Mulligan,2010 UK ○ ○ ● ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ● ○ ○ 71 ✗ ○ ○ ● ○ ○ ○ ○ ○ ○ ○ AUC ✓ ✓ ✗ ✗ ✗
Cooksley, 

2012 UK ○ ○ ○ ○ ○ ● ○ ○ ○ ○ ○ ○ ● ○ ○ ○ 840 ✗ ○ ● ○ ● ○ ○ ○ ○ ○ ○ AUC ✓ ✓ ✓ ✗ ✗
Vaughn, 2018 USA ○ ○ ○ ○ ○ ● ○ ○ ○ ○ ○ ○ ● ○ ○ ○ 504 ✓ ○ ● ○ ○ ○ ○ ○ ○ ○ ○ AUC ✓ ✓ ✗ ✗ ✗

Young, 2014 USA ○ ○ ○ ○ ○ ● ○ ○ ○ ○ ○ ○ ● ○ ○ ○ 61 ✗ ○ ● ○ ○ ○ ○ ○ ○ ○ ○

Sens 
& 

Spec ✓ ✗ ✗ ✗ ✗
Von, 2007 UK ○ ○ ○ ○ ○ ● ○ ○ ○ ○ ○ ○ ● ○ ○ ○ 43 ✗ ○ ● ○ ○ ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗
Pedersen, 

2018 Denmark ○ ○ ○ ○ ○ ○ ● ○ ○ ○ ○ ○ ● ○ ○ ○ 11266 ✓ ○ ○ ○ ● ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗

Forster, 2018 UK ○ ○ ○ ○ ○ ○ ● ○ ○ ○ ○ ○ ● ○ ○ ○ 8812 ✓ ○ ○ ○ ● ○ ○ ○ ○ ○ ○

Sens 
& 

Spec ✓ ✗ ✗ ✗ ✗
Pimentel, 

2018 UK ○ ○ ○ ○ ○ ○ ● ○ ○ ○ ○ ○ ● ○ ○ ○ 1394 ✓ ○ ○ ○ ● ● ○ ○ ○ ○ ○ AUC ✓ ✓ ✓ ✗ ✗

Sbiti-rohr, 
2016 Switzerland ○ ○ ○ ○ ○ ○ ● ○ ○ ● ○ ○ ○ ○ ● ○ 925 ✗ ○ ○ ○ ● ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗

Brabrand, 
2017 Denmark ○ ○ ○ ○ ○ ○ ● ○ ○ ○ ○ ● ○ ● ○ ○ 570 ✗ ○ ○ ○ ● ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗

Jo, 2016 Korea ○ ○ ○ ○ ○ ○ ● ○ ○ ○ ○ ○ ● ○ ○ ○ 553 ✗ ○ ○ ○ ● ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗
Barlow, 2007 UK ○ ○ ○ ○ ○ ○ ● ○ ○ ○ ○ ○ ○ ● ○ ○ 419 ✗ ○ ○ ● ○ ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗
Bilben, 2016 Norway ○ ○ ○ ○ ○ ○ ● ○ ○ ● ○ ○ ○ ● ○ ○ 246 ✗ ○ ○ ○ ● ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗
Delahanty, 

2019 USA ○ ○ ○ ○ ○ ○ ○ ● ○ ● ○ ○ ● ○ ○ ○ 920026 ✗ ○ ● ○ ● ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✓
Redfern, 2018 UK ○ ○ ○ ○ ○ ○ ○ ● ○ ○ ○ ○ ● ○ ○ ○ 241996 ✗ ○ ○ ○ ● ○ ○ ○ ○ ○ ○ AUC ✓ ✓ ✗ ✗ ✗

Churpek, 
Sokol 2017 USA ○ ○ ○ ○ ○ ○ ○ ● ○ ● ○ ○ ○ ● ○ ○ 53849 ✗ ○ ● ○ ● ○ ○ ○ ○ ○ ○ AUC ✓ ✓ ✗ ✗ ✗
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Faisal, 2019 UK ○ ○ ○ ○ ○ ○ ○ ● ○ ● ○ ○ ● ○ ○ ○ 36161  ○ ○ ○ ● ○ ○ ○ ○ ○ ○ AUC ✗ ✗ ✗ ✗ ✓

Page 22 of 41

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

8

Subgroups Settings Study design EWS Outcomes studied

Author, year Country 
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Churpek,2017 USA ○ ○ ○ ○ ○ ○ ○ ● ○ ○ ○ ○ ○ ● ○ ○ 18523 ✗ ○ ● ○ ● ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗
Henry, 2015 USA ○ ○ ○ ○ ○ ○ ○ ● ● ○ ○ ○ ● ○ ○ ○ 13014 ✓ ○ ● ○ ○ ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗
Brink,2019 Netherlands ○ ○ ○ ○ ○ ○ ○ ● ● ○ ○ ○ ● ○ ○ ○ 8204 ✗ ○ ○ ○ ● ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗
De Groot, 

2017
Netherlands ○ ○ ○ ○ ○ ○ ○ ● ○ ● ○ ○ ○ ● ○ ○ 2280 ✗ ○ ● ○ ● ○ ○ ○ ○ ○ ○ AUC ✓ ✓ ✗ ✗ ✗

Corfield, 
2014

UK ○ ○ ○ ○ ○ ○ ○ ● ○ ● ○ ○ ● ○ ○ ○ 2003 ✗ ○ ○ ○ ● ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗

Goulden, 
2018

UK ○ ○ ○ ○ ○ ○ ○ ● ○ ● ○ ○ ● ○ ○ ○ 1818 ✓ ○ ○ ○ ● ○ ○ ○ ○ ○ ○ AUC ✓ ✓ ✗ ✗ ✗

Khwannimit, 
2019

Thailand ○ ○ ○ ○ ○ ○ ○ ● ● ○ ○ ○ ● ○ ○ ○ 1589 ✗ ○ ● ○ ● ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗

Ghanem, 
2011

Israel ○ ○ ○ ○ ○ ○ ○ ● ○ ○ ○ ○  ○ ● ○ ○ 1072 ✗ ○ ● ○ ○ ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗

Saeed, 2019 UK, France, 
Italy, 
Sweden & 
Spain

○ ○ ○ ○ ○ ○ ○ ● ● ○ ○ ○ ● ○ ○ ○ 1058 ✗ ○ ○ ○ ● ○ ○ ○ ○ ○ ○ AUC ✓ ✓ ✗ ✗ ✗

Innocenti, 
2018

Italy ○ ○ ○ ○ ○ ○ ○ ● ○ ○ ○ ○ ● ○ ○ ○ 742 ✗ ○ ● ○ ● ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗

Camm, 2018 UK ○ ○ ○ ○ ○ ○ ○ ● ○ ○ ○ ○ ● ○ ○ ○ 533 ✗ ○ ○ ○ ● ○ ○ ○ ○ ○ ○ Sens 
&Spec

✓ ✓ ✗ ✗ ✗

Tirotta, 2017 Italy ○ ○ ○ ○ ○ ○ ○ ● ○ ○ ○ ○ ○ ● ○ ○ 526 ✗ ○ ● ○ ● ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗
Pong, 2019 Malaysia ○ ○ ○ ○ ○ ○ ○ ● ● ○ ○ ○ ● ○ ○ ○ 364 ✗ ○ ● ○ ● ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗
Prabhakar, 

2019
Malaysia ○ ○ ○ ○ ○ ○ ○ ● ● ○ ○ ○ ● ○ ○ ○ 343 ✗ ○ ● ○ ● ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗

Martino, 
2018

Italy ○ ○ ○ ○ ○ ○ ○ ● ● ○ ○ ○ ● ○ ○ ○ 310 ✗ ○ ● ○ ○ ○ ○ ○ ○ ○ ○ AUC ✓ ✓ ✗ ✗ ✗

Vorwerk, 
2009

UK ○ ○ ○ ○ ○ ○ ○ ● ● ○ ○ ○ ● ○ ○ ○ 308 ✗ ○ ● ○ ○ ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗

Qin, 2017 China ○ ○ ○ ○ ○ ○ ○ ● ● ○ ○ ○ ● ○ ○ ○ 292 ✗ ○ ● ○ ○ ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗
Schmedding, 

2019
Gabon ○ ○ ○ ○ ○ ○ ○ ● ● ○ ○ ○ ○ ● ○ ○ 277 ✗ ○ ● ○ ○ ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗

Albur, 2016 UK ○ ○ ○ ○ ○ ○ ○ ● ○ ○ ○ ○ ○ ● ○ ○ 245 ✗ ○ ○ ● ○ ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗
Cildir, 2013 Turkey ○ ○ ○ ○ ○ ○ ○ ● ○ ● ○ ○ ○ ● ○ ○ 230 ✗ ○ ● ○ ○ ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗
Chiew, 2019 Malaysia ○ ○ ○ ○ ○ ○ ○ ● ○ ● ○ ○ ● ○ ○ ○ 214 ✗ ○ ● ○ ● ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗
Samsudin, 

2018 
Malaysia ○ ○ ○ ○ ○ ○ ○ ● ● ○ ○ ○ ● ○ ○ ○ 214 ✗ ○ ● ○ ● ○ ○ ○ ○ ○ ○ AUC ✓ ✓ ✗ ✗ ✗

Chang, 2018 China ○ ○ ○ ○ ○ ○ ○ ● ○ ● ○ ○ ● ○ ○ ○ 152 ✗ ○ ● ○ ○ ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗
Geier, 2013 Germany ○ ○ ○ ○ ○ ○ ○ ● ○ ● ○ ○ ○ ● ○ ○ 151 ✗ ○ ● ○ ○ ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✓

Asiimwe, 
2015

Uganda ○ ○ ○ ○ ○ ○ ○ ● ○ ○ ○ ○ ○ ● ○ ○ 150 ✗ ○ ● ○ ○ ○ ○ ○ ○ ○ ○ Prognostic 
index

✓ ✗ ✗ ✗ ✗

Hung, 2017 Taiwan ○ ○ ○ ○ ○ ○ ○ ● ○ ○ ○ ○ ● ○ ○ ○ 114 ✗ ○ ● ○ ○ ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗
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Table 
2. 

Characteristics of included studies on EWS’ predictive performance in clinical settings (from largest to smallest sample in each setting).

Garcea, 2006 UK ○ ○ ○ ○ ○ ○ ○ ● ○ ○ ○ ○ ● ○ ○ ○ 110 ✗ ○ ○ ● ○ ○ ○ ○ ○ ○ ○ AUC ✓ ✓ ✗ ✗ ✗
Yoo, 2015 Korea ○ ○ ○ ○ ○ ○ ○ ● ○ ○ ○ ○ ● ○ ○ ○ 100 ✗ ○ ● ○ ○ ○ ○ ○ ○ ○ ○ OR ✓ ✓ ✗ ✗ ✗

Siddiqui,2017 Malaysia ○ ○ ○ ○ ○ ○ ○ ● ● ○ ○ ○ ● ○ ○ ○ 58 ✗ ○ ○ ● ○ ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗
Settings Study design EWS Outcomes studied
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Calvert 2016 Israel ● ○ ○ ○ ● ○ ○ ○ 29083 ✗ ○ ● ○ ○ ○ ○ ○ ○ ○ ○ AUC ✗ ✗ ✗ ✗ ✓
Awad, 2017 UK ● ○ ○ ○ ● ○ ○ ○ 11722 ✗ ○ ○ ○ ● ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗
Reini, 2012 Sweden ● ○ ○ ○ ○ ● ○ ○ 518 ✗ ○ ● ○ ○ ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗
Chen, 2019 Taiwan ● ○ ○ ○ ● ○ ○ ○ 370 ✗ ○ ○ ○ ● ○ ○ ○ ○ ○ ○ AUC ✗ ✗ ✗ ✓ ✗
Baker, 2015 Tanzania ● ○ ○ ○ ○ ● ○ ○ 269 ✗ ○ ○ ○ ● ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗
Gök, 2019 Turkey ● ○ ○ ○ ● ○ ○ ○ 250 ✗ ○ ● ○ ○ ○ ○ ○ ○ ○ ○ AUC ✗ ✗ ✗ ✗ ✓

Moseson, 2014 USA ● ○ ○ ○ ○ ● ○ ○ 227 ✗ ○ ● ○ ○ ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗
Jo, 2013 South Korea ● ○ ○ ○ ● ○ ○ ○ 151 ✗ ● ● ○ ○ ○ ○ ○ ● ○ ○ AUC ✓ ✗ ✗ ✗ ✗

Kown, 2018 Korea ○ ● ○ ○ ● ○ ○ ○ 1986334 ✗ ○ ● ○ ○ ○ ○ ○ ○ ○ ○ AUC ✓ ✓ ✗ ✗ ✗
Usman, 2019 USA ○ ● ○ ○ ● ○ ○ ○ 115734 ✗ ○ ● ○ ● ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✓

Jang, 2019 Korea ○ ● ○ ○ ● ○ ○ ○ 56368 ✗ ○ ● ○ ○ ○ ○ ○ ○ ○ ○ AUC ✗ ✗ ✓ ✗ ✗
Wei, 2019 China ○ ● ○ ○ ● ○ ○ ○ 39977 ✗ ○ ● ○ ○ ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗
Lee, 2019 Korea ○ ● ○ ○ ● ○ ○ ○ 27173 ✗ ○ ● ○ ● ○ ○ ○ ○ ● ○ AUC ✓ ✗ ✗ ✗ ✗

Singer, 2017 USA ○ ● ○ ○ ● ○ ○ ○ 22530 ✗ ○ ● ○ ○ ○ ○ ○ ○ ○ ○ AUC ✓ ✓ ✗ ✗ ✗
Eick, 2015 Germany ○ ● ○ ○ ○ ● ○ ○ 5730 ✗ ○ ● ○ ○ ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗

Bulut, 2014 Turkey ○ ● ○ ○ ○ ● ○ ○ 2000 ✗ ○ ● ○ ○ ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗
Kivipuro, 2018 Finland ○ ● ○ ○ ○ ● ○ ○ 1354 ✗ ○ ○ ○ ● ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗
Eckart, 2019 USA ○ ● ○ ○ ● ○ ○ ○ 1303 ✗ ○ ○ ○ ● ○ ○ ○ ○ ○ ○ AUC ✓ ✓ ✗ ✗ ✗

Ho, 2013 Malaysia ○ ● ○ ○ ● ○ ○ ○ 1024 ✗ ○ ● ○ ○ ○ ○ ○ ○ ○ ○ AUC ✗ ✓ ✗ ✗ ✗
Skitch, 2018 Canada ○ ● ○ ○ ● ○ ○ ○ 845 ✗ ○ ○ ○ ● ○ ○ ○ ○ ○ ● AUC ✗ ✗ ✗ ✗ ✓

Liu, 2014 Malaysia ○ ● ○ ○ ○ ● ○ ○ 702 ✗ ○ ● ○ ○ ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✓ ✗ ✗
Dundar, 2016 Turkey ○ ● ○ ○ ○ ● ○ ○ 671 ✗ ● ● ○ ○ ○ ○ ○ ○ ○ ○ AUC ✓ ✓ ✗ ✗ ✗
Yuan., 2018 China ○ ● ○ ○ ○ ● ○ ○ 621 ✗ ○ ● ○ ● ○ ○ ○ ○ ○ ○ AUC ✓ ✓ ✗ ✗ ✗

Naidoo, 2014 South Africa ○ ● ○ ○ ● ○ ○ ○ 590 ✗ ○ ○ ○ ○ ○ ○ ○ ○ ●  ○ Sens & Spec ✓ ✗ ✗ ✗ ✗
Liu F.Y, 2015 China ○ ● ○ ○ ○ ● ○ ○ 551 ✗ ○ ● ○ ● ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗

So, 2015 China ○ ● ○ ○ ○ ● ○ ○ 544 ✗ ○ ● ○ ○ ○ ○ ○ ○ ○ ○ Sens & Spec ✓ ✗ ✗ ✗ ✗
Dundar, 2019 Turkey ○ ● ○ ○ ● ○ ○ ○ 455 ✗ ○ ○ ○ ● ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗

Lam, 2006 China ○ ● ○ ○ ○ ● ○ ○ 425 ✗ ○ ● ○ ○ ○ ○ ○ ○ ○ ○ AUC ✓ ✓ ✗ ✗ ✗
Xie, 2018 China ○ ● ○ ○ ○ ● ○ ○ 383 ✗ ○ ● ○ ○ ○ ○ ○ ○ ○ ○ AUC ✓ ✓ ✗ ✗ ✗

Cattermole, 2009 China ○ ● ○ ○ ○ ● ○ ○ 330 ✗ ○ ● ○ ○ ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗
Heitz, 2010 USA ○ ● ○ ○ ● ○ ○ ○ 280 ✗ ○ ● ○ ○ ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗

Sirivilaithon, 2019 Thailand ○ ● ○ ○ ○ ○ ○ ● 250 ✗ ○ ○ ○ ● ○ ○ ○ ○ ○ ○ AUC ✗ ✗ ✗ ✗ ✗
Cattermole, 2014 China ○ ● ○ ○ ○ ● ○ ○ 230 ✗ ○ ● ○ ● ○ ○ ● ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗

Najafi, 2018 Iran ○ ● ○ ○ ○ ● ○ ○ 185 ✗ ○ ○ ○ ● ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗
Bartkowiak, 2019 USA ○ ○ ● ○ ● ○ ○ ○ 32537 ✗ ○ ● ○ ● ○ ○ ○ ○ ○ ○ AUC ✓ ✓ ✓ ✗ ✗

Kovacs, 2016 UK ○ ○ ● ● ● ○ ○ ○ 20626 ✗ ○ ○ ○ ● ○ ○ ○ ○ ○ ○ AUC ✓ ✓ ✓ ✗ ✗
Plate, 2018 Netherlands ○ ○ ● ○ ○ ● ○ ○ 1782 ✗ ● ○ ○ ○ ○ ○ ○ ○ ○ ○ AUC ✓ ✓ ✗ ✗ ✗

Sarani, 2012 Netherlands ○ ○ ● ○ ○ ● ○ ○ 572 ✗ ○ ● ○ ○ ○ ○ ○ ○ ○ ○ Sens & Spec ✓ ✓ ✗ ✗ ✗
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10

Hollis, 2016 USA ○ ○ ● ○ ● ○ ○ ○ 522 ✗ ○ ○ ● ○ ○ ○ ○ ○ ○ ○ AUC ✓ ✓ ✗ ✗ ✗
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11

Abbreviations: VIEWS: Vital pack Early Warning Score, MEWS: Modified Early Warning Score; EWS: Early Warning Score; NEWS: National Early Warning Score; HOTEL: Hypotension, 
Oxygen saturation, Temperature, ECG abnormality, Loss of independence score; Worthing: Worthing physiological scoring system; TREWS: Triage in Emergency department Early Warning 
Score; SOS: Search Out Severity score; EHR: electronic health records; AUC: area under the curve; Sens and Spec: sensitivity and specificity; OR: odds ratios; ICU: transfer to intensive care 
unit; CA: cardiac arrest; RA: respiratory arrest. 
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Gardner-Thorpe 
2006 UK ○ ○ ● ○ ○ ● ○ ○ 334 ✗ ○ ● ○ ○ ○ ○ ○ ○ ○ ○ Sens & Spec ✓ ✓ ✗ ✗ ✗

Garcea, 2010 UK ○ ○ ● ○ ● ○ ○ ○ 280 ✗ ○ ○ ● ○ ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗
Cuthbertson, 

2007 UK ○ ○ ● ○ ● ○ ○ ○ 136 ✗ ○ ● ● ○ ○ ○ ○ ○ ○ ○ AUC ✗ ✓ ✗ ✗ ✗
Prytherch, 2010 UK ○ ○ ○ ● ● ○ ○ ○ 35585 ✗ ● ○ ○ ○ ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗

Smith, 2013 UK ○ ○ ○ ● ● ○ ○ ○ 35585 ✗ ○ ○ ○ ● ○ ○ ○ ○ ○ ○ AUC ✓ ✓ ✓ ✗ ✗
Rasmussen, 

2018 Denmark ○ ○ ○ ● ● ○ ○ ○ 17312 ✗ ○ ○ ○ ● ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗
Ghosh, 2018 USA ○ ○ ○ ● ● ○ ○ ○ 2097 ✓  ○ ● ○ ● ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗
Duckitt, 2007 UK ○ ○ ○ ● ○ ● ○ ○ 1102 ✗ ○ ○ ● ○ ○ ○ ● ○ ○ ○ AUC ✓ ✓ ✗ ✗ ✗

Colombo, 2017 Italy ○ ○ ○ ● ● ○ ○ ○ 471 ✗ ○ ● ○ ○ ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗
Abbot, 2016 UK ○ ○ ○ ● ○ ● ○ ○ 322 ✗ ○ ○ ○ ● ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗

Wheeler, 2013 Malawi ○ ○ ○ ● ○ ● ○ ○ 302 ✗ ○ ● ○ ○ ○ ○ ○ ● ○ ○ AUC ✓ ✗ ✗ ✗ ✗
Graziadio, 2019 UK ○ ○ ○ ● ○ ● ○ ○ 292 ✗ ○ ○ ○ ● ○ ○ ○ ○ ○ ○ AUC ✓ ✓ ✗ ✗ ✗
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The performance of early warning scores in different patient subgroups and 
clinical settings: A systematic review.

(Supplementary data: Appendix)

1 Patients’ subgroups 

1- Cardiology patients
2- Neurology patients 
3- Orthopaedic patients
4- Renal patients
5- Haematology patients 
6- Respiratory patients 
7- Gastroenterology patients 
8- Oncology patients 
9- Emergency patients
10- Infection patients 
11- Medical patients 
12- Surgical patients 
13- Intensive care patients

2 Search strategy for MEDLINE 

1- ews OR early warning score* OR EARLY WARNING SYSTEM* OR RAPID RESPONSE 
SYSTEM* OR MEWS OR MODIFIED EARLY WARNING SCORE* OR MODIFIED EARLY 
WARNING SYSTEM* OR news OR national early warning score OR news2 OR national early 
warning score 2 OR ( track and trigger system* )

2- (MH "Intensive Care Units")
3- ICU OR intensive care unit* OR CRITICAL CARE UNIT* OR CRITICAL CARE
4- 2 OR 3
5- 1 AND 4
6- (MH "Nervous System Diseases")
7- neurological disorder* OR neurological disease OR neurological condition*
8- 6 OR 7
9- 1 AND 8
10- MH "Cardiovascular Diseases") OR (MH "Cardiology")
11- (MH "Thoracic Surgery")
12- cardiovascular disease* OR cardiovascular disorder* OR heart disease* OR cardiology* OR cardiac 

surgery OR thoracic surgery
13- 10 OR 11 OR 12 
14- 1 AND 13
15- (MH "Musculoskeletal Diseases") OR (MH "Orthopedics")
16- orthopedic disease* OR orthopedic surgery
17- 15 OR 16
18- 1 AND 17 
19- (MH "Kidney Diseases, Cystic") OR (MH "Kidney Failure, Chronic") OR (MH "Polycystic Kidney 

Diseases") OR (MH "Renal Insufficiency, Chronic")
20- renal disease* OR renal failure OR kidney disease*
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21- 19 OR 20 
22- 1 AND 21 
23- (MH "Hematologic Diseases")
24- hematologic disorder* OR hematologic disease* OR hematology
25- 23 OR 24 
26- 1 AND 25 
27- (MH "Respiratory Tract Diseases")
28- respiratory disease* OR respiratory disorder*
29- 27 OR 28 
30- 1 AND 29 
31- (MH "Gastroenterology")
32- gastrointestinal disorder* OR gastrointestinal disease* OR gastroenterology OR hepatology 
33- 31 OR 32 
34- 1 AND 33
35- (MH "Medical Oncology") OR (MH "Surgical Oncology") 
36- oncology OR cancer OR chemotherapy
37- 35 OR 36 
38- 1 AND 37 
39- (MH "Wounds and Injuries") OR (MH "Emergency Medicine") 
40- emergency department* OR emergency OR emergency room* OR trauma*
41- 39 OR 40
42- 1 AND 41
43- (MH "Sepsis") OR (MH "Infection") 
44- INFECTION* OR INFECTIOUS DISEASE* OR SEPSIS
45- 43 OR 44
46- 1 AND 45
47- (MH "Obstetrics") 
48- (obstetrics and gynecology) OR OBSTETRIC*
49- 47 OR 48
50- 1 AND 49
51- (MH "Allergy and Immunology")
52- immunological disease* OR immunological disorder*
53- 51 OR 52
54- 1 AND 53
55- (MH "Internal Medicine") 
56- medical ward*
57- 55 OR 56
58- 1 AND 57
59- (MH "General Surgery")
60- surgical ward*
61- 59 OR 60
62- 1 AND 61
63- 5 OR 9 OR 14 OR 18 OR 22 OR 26 OR 30 OR 34 OR 38 OR 42 OR 46 OR 50 OR 54 OR 58 OR 62 

3 Search strategy for CINAHL
1- ews OR early warning score* OR EARLY WARNING SYSTEM* OR RAPID RESPONSE 

SYSTEM* OR MEWS OR MODIFIED EARLY WARNING SCORE* OR MODIFIED EARLY 
WARNING SYSTEM* OR news OR national early warning score OR news2 OR national early 
warning score 2 OR ( track and trigger system* )

2- (MH "Intensive Care Units")
3- ICU OR intensive care unit* OR CRITICAL CARE UNIT* OR CRITICAL CARE
4- 2 OR 3
5- 1 AND 4
6- (MH "Nervous System Diseases") 
7- neurological disorder* OR neurological disease OR neurological condition* 
8- 6 OR 7
9- 1 AND 8 
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10- (MH "Heart Diseases") OR (MH "Cardiovascular Diseases")
11-  (MH "Heart Surgery")
12- cardiovascular disease* OR cardiovascular disorder* OR heart disease* OR cardiology* OR cardiac 

surgery OR thoracic surgery
13- 10 OR 11 OR 12
14- 1 AND 13
15- (MH "Orthopedic Surgery") OR (MH "Musculoskeletal Diseases")
16- orthopedic disease* OR orthopedic surgery
17- 15 OR 16
18- 1 AND 17
19- (MH "Kidney, Cystic") OR (MH "Kidney Diseases") 
20- renal disease* OR renal failure OR kidney disease* 
21- 19 OR 20
22- 1 AND 21
23- (MH "Hematologic Diseases")
24- (MH "Lymphatic Diseases")
25- hematologic disorder* OR hematologic disease* OR hematology 
26- 23 OR 24 O 25
27- 1 AND 26
28- (MH "Respiratory Tract Diseases")
29- respiratory disease* OR respiratory disorder*
30- 28 OR 29
31- 1 AND 30
32- (MH "Digestive System Diseases") 
33- gastrointestinal disorder* OR gastrointestinal disease* OR gastroenterology OR hepatology 
34- 32 OR 33 
35- 1 AND 34
36- (MH "Cancer Patients") OR (MH "Oncology") 
37- oncology OR cancer OR chemotherapy 
38- 36 OR 37
39- 1 AND 38
40- (MH "Wounds and Injuries") OR (MH "Trauma")
41- emergency department* OR emergency OR emergency room* OR trauma*
42- 40 OR 41
43- 1 AND 42
44- (MH "Infection") 
45- INFECTION* OR INFECTIOUS DISEASE* OR SEPSIS
46- 44 OR 45
47- 1 AND 46
48- (MH "Obstetric Emergencies") OR (MH "Obstetric Patients") 
49- ( obstetrics and gynecology ) OR OBSTETRIC*
50- 48 OR 49
51- 1 AND 50
52- (MH "Internal Medicine")
53- (MH "Allergy and Immunology")
54- medical ward
55- immunological disease* OR immunological disorder*
56- 52 OR 53 OR 54 OR 55
57- 1 AND 56
58-  (MH "Surgical Patients")
59- surgical ward*
60- 58 OR 59
61- 1 AND 60
62- 5 OR 9 OR 14 OR 18 OR 22 OR 27 OR 31 OR 35 OR 39 OR 43 OR OR 47 OR 51 OR 57 OR 61 
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4  Early warning scores used in studies of 

patients’ sub-populations and settings

Parameters

Study Score HR SBP RR Temp
APVU/ 
LOC

O2 
Sat

Supp 
O2

Urine 
OP

Othe
r ()

Kellett, 2012 VIEWS ✓ ✓ ✓ ✓ ✗ ✓ ✓ ✗ ✗

Seak, 2017 MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗

Bozkurt, 2015 MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗

Kim, 2017 NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗

Hu, 2016 VIEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗

Mulligan, 2010 EWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗

Liljehult, 2016 EWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗

Cooksley, 2012 MEWS ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✓ ✗

Cooksley, 2012 NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗

Vaughn, 2018 MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗

Von, 2007 MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗

Young, 2014 MEWS ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗ ✓

Barlow, 2007 EWS ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✓ ✗

Bilben, 2016 NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗

Brabrand, 2017 NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗

Forster, 2018 NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗

Jo, 2016 NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗

Pedersen, 2018 NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗

Pimentel, 2018 NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗

Pimentel, 2018 NEWS2 ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✓

Sbiti-rohr, 2016 NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗

Henry, 2015 MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗

Innocenti, 2018 MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗

Garcea, 2006 EWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✓ ✗

Qin, 2017 MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗

Albur, 2016 EWS ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗

Asiimwe, 2015 MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗

Brink 2019 NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗

Camm, 2018 NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗

Chang, 2018 MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗
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Chiew, 2019 MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗

Chiew, 2019 NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗

Churpek, 2017 NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗

Churpek, 2017 MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗

Churpek, Sokol 2017 NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗

Churpek, Sokol 2017 MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗

Cildir, 2013 MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗

Corfrield, 2014 NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗

De Groot, 2014 NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗

De Groot, 2014 MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗

Delahanty, 2019 NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗

Delahanty, 2019 MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗

Faisal, 2019 NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗

Geier, 2013 MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗

Ghanem, 2011 MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗

Goulden, 2018 NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗

Hung, 2017 MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗

Khwannimit, 2019 NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗

Khwannimit, 2019 SOS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✓ ✗

Khwannimit, 2019 MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗

Martino, 2018 MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗

Pong, 2019 NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗

Pong, 2019 MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗

Prabhakar, 2019 MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗

Prabhakar, 2019 NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗

Redfern, 2018 NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗

Saeed, 2019 NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗

Samsudin, 2018 MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗

Samsudin, 2018 NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗

Schmedding, 2019 MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗

Siddiqui, 2017 EWS ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗

Tirotta, 2017 MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗

Vorwerk, 2009 MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗

Yoo, 2015 MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗
Awad, 2017 NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗
Baker, 2015 NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗
Calvert 2016 MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗

Gök, 2019 MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗
Chen, 2019 NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗

Page 31 of 41

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

Jo, 2013 HOTEL ✗ ✓ ✗ ✓ ✓ ✓ ✗ ✗ ✓
Jo, 2013 VIEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗
Moseson, 2014 MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗

Reini, 2012 MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗

Bulut, 2014 MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗

Cattermole, 2009 MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗

Cattermole, 2014 WORTHING ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗

Cattermole, 2014 NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗

Cattermole, 2014 MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗

Heitz, 2010 MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗

Dundar, 2016 MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗

Dundar, 2016 VIEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗

Dundar, 2019 NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗

Eckart, 2019 NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗

Eick, 2015 MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗

Liu F.Y, 2015 NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗

Liu F.Y, 2015 MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗

Ho, 2013 MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗

Jang, 2019 MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗

Kivipuro, 2018 NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗

Kown, 2018 MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗

Liu, 2014 MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗

Lee, 2019 MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗

Lee, 2019 NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗

Lee, 2019 TREWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✓

Naidoo, 2014 TREWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✓

Najafi, 2018 NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗

Singer, 2017 MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗

Skitch, 2018 HEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗

Skitch, 2018 NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗

So, 2015 MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗

Sirivilaithon, 2019 NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗

Lam, 2006 MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗

Usman, 2019 NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗

Yuan, 2018 NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗

Yuan, 2018 MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗

Wei, 2019 MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗

Xie, 2018 MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗

Bartkowiak, 2019 NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗
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Bartkowiak, 2019 MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✓ ✗

Cuthbertson, 2007 EWS ✓ ✓ ✓ ✓ ✗ ✓ ✗ ✗ ✗

Cuthbertson, 2007 MEWS ✓ ✓ ✓ ✓ ✗ ✓ ✗ ✗ ✗

Garcea, 2010 EWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✓ ✗
Gardner-Thorpe 
2006 MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✓ ✗

Hollis, 2016 EWS ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗

Kovacs, 2016 NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗

Plate, 2018 VIEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗

Sarani, 2012 MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗

Abbot, 2016 NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗

Duckitt, 2007 WPC ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗

Duckitt, 2007 EWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗

F., 2017 MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗

Gosh, 2018 NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗

Gosh, 2018 MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗

Graziadio, 2019 NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗

Prytherch, 2010 VIEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗

Ramsussen, 2018 NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗

Smith, 2013 NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗

Wheeler, 2013 Hotel ✓ ✗ ✓ ✗ ✓ ✓ ✗ ✗ ✓

Wheeler, 2013 MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗

Total 133
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5 Quality assessment 
results 

Judgment 

TOOL Study Validation Robust Applicability

Kellett, 2012 Externally low low 

Seak, 2017 Externally high high

Bozkurt, 2015 Externally high high

Kim, 2017 Externally unclear unclear

Hu, 2016 Internally unclear high

Mulligan, 2010 Externally high high

Liljehult, 2016 Externally unclear high

Cooksley, 2012 Externally unclear unclear

Vaughn, 2018 Externally high high

Von, 2007 Externally unclear high

Young, 2014 Externally high high

Barlow, 2007 Externally low unclear

BILBEN, 2016 Externally unclear unclear

Brabrand, 2017 Externally unclear unclear

Froster, 2018 Externally low low 

Jo, 2016 Externally high high

Pedersen, 2018
Externally and 
Internally low low 

Pimentel, 2018 Externally low unclear

Sbiti-rohr, 2016 Externally unclear high

Henry, 2015 Internally low low 

Innocenti, 2018 Externally unclear unclear

Garcea, 2006 Externally unclear high

Qin, 2017 Externally unclear unclear

Albur, 2016 Externally unclear unclear

Asiimwe, 2015 Internally unclear unclear

Brink 2019 Externally unclear unclear

CAMM, 2018 Externally unclear unclear

Chang, 2018 Externally unclear high

Chiew, 2019 Externally unclear unclear

Churpek, 2017 Externally high high

Churpek, Sukul 2017 Externally low low 

Cildir, 2013 Externally unclear unclear

Corfrield, 2014 Externally low low 

de Groot, 2014 Externally unclear unclear

Delahanty, 2019 Internally low low 

Faisal, 2019 Externally low low 

Geier, 2013 Externally unclear unclear

PROBAST 

Gahnem, 2011 Externally unclear unclear
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Goulden, 2018 Externally unclear unclear

Hung, 2017 Externally unclear high

Khwannimit, 2019 Externally unclear unclear

Martino, 2018 Externally unclear unclear

Pong, 2019 Internally unclear unclear

Parabhakar, 2019 Internally unclear unclear

Redfern, 2018 Externally low low 

Saeed, 2019 Internally unclear unclear

Samsudin, 2018 Internally unclear unclear

Schmedding, 2019 Externally unclear unclear

Siddiqui, 2017 Externally unclear unclear

Tirotta, 2017 Externally unclear unclear

Vorwerk, 2009 Externally unclear unclear

Yoo, 2015 Externally unclear unclear
Awad, 2017 Internally low low 

Baker, 2015 Externally unclear unclear
Calvert 2016 Internally low unclear

Gök, 2019 Externally low unclear
Chen, 2019 Externally unclear high
Jo, 2013 Externally unclear unclear

Moseson, 2014 Externally unclear unclear

Reini, 2012 Externally unclear unclear

BULUT, 2014 Externally unclear unclear

Cattermole, 2009 Internally unclear unclear

Cattermole, 2014 Externally unclear unclear

CR, 2010 Externally high unclear

Dundar, 2016 Externally unclear high

Dundar, 2019 Externally unclear high

Eckart, 2019 Externally unclear unclear

Eick, 2015 Externally unclear unclear

F.Y, 2015 Externally low unclear

Ho, 2013 Externally unclear unclear

Jang, 2019 Internally low low 

Kivipuro, 2018 Externally unclear unclear

Kown, 2018
Externally and 
Internally unclear unclear

Liu, 2014 Internally low unclear

Lee, 2019 Internally low low 

Naidoo, 2014 Externally unclear unclear

Najafi, 2018 Externally unclear high

Singer, 2017 Externally unclear unclear

Skitch, 2018 Externally unclear unclear

So, 2015 Externally unclear unclear

Sirivilaithon, 2019 Internally unclear unclear

T.S, 2006 Externally unclear unclear

Usman, 2019 Externally high high

W.C., 2018 Externally unclear high

Wei, 2019 Externally high high
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Xie, 2018 Externally unclear unclear

Bartkowiak, 2019 Externally unclear unclear

Cuthbertson, 2007 Externally high unclear

Garcea, 2010 Externally high high
Gardner-Thorpe 
2006 Externally unclear unclear

Hollis, 2016 Externally unclear unclear

Kovacs, 2016 Externally low low 

Plate, 2018 Externally low low 

Sarani, 2012 Externally low low 

Abbot, 2016 Externally high high

Duckitt, 2007 Internally low low 

F., 2017 Externally high high

Gosh, 2018 Internally low low 

Graziadio, 2019 Externally unclear unclear

Prytherch, 2010 Internally low low 

Ramsussen, 2018 Externally unclear unclear

Smith, 2013 Externally low low 

Wheeler, 2013 Externally unclear unclear

Overall bias assessment

Moon, 2011 Low 

Subbe, 2003 Moderate

Dawes, 2014 Low 

Sutherasan,  2018 Moderate

ROBINS-I

Heller, 2018 Low 

Total 108 studies 

Page 36 of 41

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

Page 37 of 41

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

6  EWS’ predictive performance (measured by AUC) for mortality in different subgroups and settings
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7  EWS’ predictive performance (measured by AUC) for ICU admission in different subgroups and settings
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8  EWS’ predictive performance (measured by AUC) for cardiac arrest in different subgroups and settings
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Abstract

Objective: 
To assess predictive performance of early warning scores (EWS) in disease subgroups and 
clinical settings.
Design: 
Systematic review.
Data sources: 
Medline, CINAHL, EMBASE and Cochrane database of systematic reviews from 1997 to 
2019. 
Inclusion criteria: 
Randomised trials and observational studies of internal or external validation of EWS to predict 
deterioration (mortality, ICU transfer and cardiac arrest) in disease subgroups or clinical 
settings. 
Results:
We identified 770 studies, of which 108 were included. Study designs and methods were 
inconsistent, with significant risk of bias (high: n=16 and unclear: n=64 and low risk: n=28). 
There were only two randomised trials. There was a high degree of heterogeneity in all 
subgroups and in NEWS (I2=72-99%). Predictive accuracy (mean AUC; 95% CI) was highest 
in medical (0.74; 0.74–0.75) and surgical (0.77; 0.75–0.80) settings and respiratory diseases 
(0.77; 0.75–0.80). Few studies evaluated EWS in specific diseases, e.g. cardiology (n = 1), 
respiratory (n = 7). Mortality and ICU transfer were most frequently studied outcomes, and 
cardiac arrest was least examined (n=8). Integration with electronic health records was 
uncommon (n=9). 
Conclusion: 
Methodology and quality of validation studies of EWS are insufficient to recommend their use 
in all diseases and all clinical settings despite good performance of EWS in some subgroups. 
There is urgent need for consistency in methods and study design, following consensus 
guidelines for predictive risk scores. Further research should consider specific diseases and 
settings, utilising electronic health record data, prior to large-scale implementation.

Systematic review registration: 
PROSPERO CRD42019143141

Strengths and limitations
 The first systematic review to investigate the performance of general early warning 

scores in different patient disease subgroups and clinical settings.
 Meta-analysis was performed for different EWS and NEWS validation studies in 

different disease and clinical setting subgroups  
 This study is limited to use of general EWS in specific diseases and settings and does 

not consider the use of early warning scores in the general population.
 This study did not include EWS designed specifically for particular diseases or clinical 

settings
 Analysis of predictive accuracy of early warning scores includes area-under-the curve, 

not other validation measures. 
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Introduction 

Across diseases, patient deterioration can range from critical care review and sepsis, to 
cardiorespiratory arrest and death, resulting in strain on healthcare resources(1,2). Delays or 
failures in timely detection of deterioration adversely affect prognosis, morbidity, mortality, 
and healthcare utilisation(3). For example, the 20000 in-hospital cardiac arrests per year in 
England are associated with costs of £50 million for resuscitation and post-arrest care(4). 

Specific characteristics have long been known to be associated with deteriorating patient 
health(2, 5–8), including physiological parameters, such as heart rate and blood pressure(5, 9–
11). Early warning scores (EWS), widely used in high-income countries, were borne out of the 
need for early detection of patient deterioration. EWS are tools derived from prediction models 
that assess patient characteristics and physiological parameters to stratify the risk of developing 
a worsening event or need for medical attention(12). The algorithms underlying EWS can be 
“aggregate-weighted” to sum up a set of parameters to produce a score, or use more advanced 
statistical modelling(13). EWS inform clinical decision-making, enabling escalation of 
attention and care when required. Standardised tools, such as the modified early warning score 
(MEWS)(14) were developed for use across different hospital settings, but specialised, non-
standard EWS are also designed for particular subgroups, e.g. Rapid Emergency Medicine 
Score (REMS)(15) and Quick Sequential Organ Failure Assessment (qSOFA) (16) for patients 
with infections. In recognising different settings, EWS may have compromised simplicity and 
timeliness of assessment(12). For example, a number of EWS rely on parameters that do not 
exist in the first hours of assessment, such as blood investigations and imaging(1,17,18). 

From fragmented implementation and inadequate early assessment via specialised tools, EWS 
have shifted back to standardised prediction models, particularly, the national early warning 
score(NEWS)(19), followed by NEWS2(20). NEWS was designed to produce a standardised 
assessment of acute illness severity across the NHS(21). While showing good discrimination 
compared with other EWS, especially in predicting mortality, there was a need to accommodate 
additional clinical parameters in the score. The updated NEWS2, emphasising appropriate 
scoring for type 2 respiratory failure, confusion and severe sepsis(20), was formally endorsed 
by NHS England(22) to be the EWS used in acute care. However, there have been concerns 
regarding excessive calls to clinicians, administrative workload, and variable symptoms across 
diseases and settings(23). The effectiveness of standard EWS in specific disease populations is 
not clear(24), and requires validation to estimate discrimination and calibration, like other 
clinical prediction models(25). While internal validation is useful, generalisability and 
reproducibility needs external validation(26).
 
Systematic reviews have evaluated EWS in pre-hospital, intensive care unit (ICU) and general 
settings (3,27,28), and sepsis(14), with narrow inclusion criteria and inadequate assessment of 
study quality. A recent systematic review evaluated development and validation of EWS in 
general patients, but did not include studies in specific disease subgroups or settings(29). 

Objective

In a systematic review, we will assess performance of standardised EWS in particular diseases 
and clinical settings in predicting mortality, transfer to ICU and cardiac arrest. 
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Methods 

Search strategy 
The protocol adhered to PRISMA-P guidelines (30). Published articles were identified in 
MEDLINE, CINHAL and EMBASE, between 1997 (initial development of EWS) and 2019. 
The Cochrane database was searched for systematic reviews (CDSR) and trials (CENTRAL). 
For grey literature, Google Scholar was searched. During the screening procedure, studies were 
added from references in review articles and studies. Search strategies were developed by two 
authors (BA and AB) and reviewed by a third author (TB). Terms used for searching databases 
include terms for early warning or track and trigger scores and acronyms, identified subgroups 
and settings (e.g., MeSH) and free-text search terms (Figure 1; Supplementary methods).

Inclusion and exclusion criteria
Patient subgroups were identified according to disease categories and clinical settings 
(Supplementary methods). Studies were included if: (1) validation of EWS in adult patients 
was in a specific setting or disease; (2) the performance of the EWS, or the impact on all-cause 
mortality, transfer to ITU (admission of a patient to ITU from another clinical setting) and 
cardiac arrest (loss of cardiac output and function), was examined; (3) they were prospective 
or retrospective cohort, cross-sectional, case-control design or trials. 

Studies were excluded if: (1) patients were less than 16 years of age; (2) EWS performance was 
only examined in derivation, not validation; (3) non-standard EWS were developed for a 
specific subgroup, e.g. Obstetric early warning score (OEWS) for obstetric patients or qSOFA 
for patients with infections; or (4) EWS validation was performed in a general patient dataset 
or setting, e.g. validation in a general hospital without consideration of hospital subgroups. 

Data extraction
Articles were screened by title and abstract by one author (BA), then full-text screening was 
by two reviewers (BA and AB). Data was extracted independently by two reviewers (BA and 
AB) using a standardised and piloted data form. A third reviewer (TB) resolved any 
disagreements. Items for extraction for studies examining predictive accuracy were based on 
the CHARMS(31) checklist, except for tool derivation which was excluded. For studies 
addressing clinical outcomes, data extracted were adapted from Agency for Healthcare 
Research and Quality criteria(32). 

Quality assessment
Risk of biases in validation studies was assessed using PROBAST(33), which classifies studies 
as low, unclear, or high risk of bias in four aspects: participant selection, predictors, outcomes 
and analysis within the overall risk of bias and the study applicability domains. For studies 
examining the clinical outcomes of EWS, ROBINS-I(34) was used.

Data analysis: 
We analysis conducted using MS Excel and R programmes, and meta-analysis for EWS 
performance in different subgroups, using AUC (Area Under the Curve), identifying NEWS in 
studies. Due to missing effect sizes and normal distribution in some studies, we converted AUC 
to Fisher Z and performed a metanalysis. We evaluated study effect size and tested 
heterogeneity. Where applicable, we condicted a narrative synthesis.  
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Results

Study characteristics
Of the 16,181 articles identified by our search, we screened 1,355 articles by title and abstract, 
assessing 770 articles in full for eligibility. We included 108 studies, published between 2006 
and 2019, in the final stage: 103 regarding predictive accuracy of EWS, and five regarding 
EWS in specific diseases and settings. These studies were predominantly observational 
(retrospective= 65, prospective= 36 and RCT=2). Emergency department (ED) (n=48) was the 
most common clinical setting, followed by medical (n = 12), ICU (n = 12), and surgical (n=9) 
settings. Sepsis (n=33) was the commonest disease subgroup. Other subgroups ranged from 
respiratory (n=8) to renal (n=1)(Figures 1 and 2).

Mortality was the main studied outcome. Cardiac arrest was infrequently studied (n=8). The 
effect of EWS on longer-term clinical outcomes was assessed in clinical settings (n=5): 
including ICU (n=1), surgical (n=1) and medical settings(n=3). 

Quality assessment
There was a significant risk of bias found in majority of studies(high risk=16; unclear risk=64), 
and low risk in only 28 studies. In terms of applicability, narrow inclusion of conditions in a 
certain disease group was commonly related to risk of bias, while in general settings, biases 
were often due to low sample size or unspecified timing of EWS assessment. There was a wide 
variation in sample size (median: 551 and range: 43 - 920029). There was variation in defining 
study population by number of patients, hospital admissions or not specifying the particular 
study sample. Almost half of the studies (n=49; 48%) validated in <500 patients with either 
multiple observations or a single observation set (Tables 1 and 2). Articles investigating 
clinical outcomes in different settings were either of low risk (n = 2) or moderate risk of bias(n 
=3). External validation was more common(n = 83) than internal validation(n = 18) and two 
studies included internal and external validation(Table S1).

EWS validation in patient subgroups

- Subgroups and EWS 

In the studies validating EWS, there was heterogeneity in subgroup definitions, tools, and 
methods of predictive accuracy. There was overlap commonly between studies of patients with 
infections receiving care in ED(35–37) and patients with sepsis admitted to ITU (38,39). EWS 
models that were integrated with electronic health records (EHR) were examined in recent 
studies (n = 9). Research on datasets utilising EWS-embedded EHRs had larger sample sizes, 
ranging from 504(40) to 13,014 patients(41)(Tables 1 and 2), with moderate to high predictive 
ability(AUC: 0.65–0.85). Several studies included comparison between different EWS in the 
same cohort(n=21)(36,39,42)(Table S2).

- Methodology

There was significant heterogeneity in methods across studies. The majority of studies were 
observational. Evaluation of predictive accuracy of different EWS in the same study  was 
common(21,43–45). To measure accuracy of EWS, AUC was most commonly used(n=94), 
especially when comparing different EWS in the same study(21). Presentation of results was 
variable; for example, confidence intervals were missing in many studies. Other measures, such 
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as analysing sensitivity and specificity, prognostic index and odds ratios, were found in only 
eight studies(Tables 1 and 2). Consequently, it was only feasible to analyse predictive 
accuracy in studies where AUC was the selected measure.

Timing from EWS assessment to endpoints was variable. Many studies included (n = 43) AUC 
within 24 to 48 hours, while 11 studies had endpoints more than 48 hours after EWS. However, 
the majority (n=65; 63%) did not specify time horizon or in-hospital outcome.  

- Predictive performance of EWS 

Outcomes were most commonly mortality, transfer to ICU, developing sepsis (in patients with 
infections), and cardiac arrest. Few studies examined other outcomes, e.g. respiratory arrest (n 
= 1) and organ failure (n = 4). Mortality, ICU admission and cardiac arrest were best predicted 
in medical (AUC mean: 0.74, 0.75 and 0.74)(46–48) and surgical settings (0.80, 0.79 and 
0.75)(49,50), and respiratory diseases (0.75, 0.80 and 0.75) respectively. EWS prediction of 
sepsis had reasonable predictive performance in all subgroups (AUC: 0.71–0.79), and 
infectious diseases in particular (AUC: 0.79). Certain outcomes related to specific disease 
groups were not studied, e.g. cardiac arrest was not studied in cardiac patients(21); respiratory 
arrest was not investigated in respiratory patients(46,51,52). 

The best predictive performance was found in studies examining cardiac(46), stroke(46,53) 
and renal(46) diseases (AUC: 0.93, 0.88 and 0.87 respectively). In  emergency settings, 
predictive accuracy was variable (AUC: 0.56–0.91)(54–58). In haematology and oncology 
diseases, EWS predictive accuracy was suboptimal in mortality(Figure S1), cardiac arrest and 
ICU transfer (AUC: 0.52-0.69; Figures 3 and 4)(59–61). EWS prediction of ICU transfer was 
reasonable in ED(58,61), infectious diseases (62,63), and where both groups overlap(43,64), 
but not in gastroenterology and haematology(AUC: 0.64 and 0.60) (59,65)(Figure S2). Cardiac 
arrest was the least examined outcome among the three endpoints (n=8) and unstudied in 
cardiac diseases. (Figures 3, 4 and S3) 

For mortality prediction, EWS showed high degree of statistical heterogeneity across 
subgroups (I2 = 72% -99%)(Figure 5).. In validation studies of NEWS in different disease 
subgroups, there was also significant heterogeneity (I2= 99%; Figure 6).  

Longer-term outcomes following EWS implementation were assessed in five studies in ICU, 
medical and surgical settings. Results were mixed. Mortality rate was reduced in three of the 
studies: in ICU(8) and medical settings(66); and no improvement was observed in a medical 
setting. However, the study duration was likely to be inadequate, e.g. four months(67). The 
ICU transfer and cardiac arrest rates improved in surgical(68) and medical settings(66), but 
deteriorated in another study in a medical setting(67). 
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Discussion 

In this comprehensive review of EWS across all diseases and settings, we had three main 
findings. First, EWS studies in different diseases and clinical settings were heterogeneous in 
methodology, predictive performance measures, and number of studies in each subgroup. 
Second, validation of EWS is limited in specialised settings, including cardiac disease. Third, 
despite widespread EHR and EWS integration, few studies have explored EHR-based EWS.

Inconsistency in evaluation and the lack of high-quality validation ultimately affects how EWS 
can and should be used in clinical practice, e.g. predicting risk of future deterioration versus 
actual deterioration(29). Heterogeneity across studies in all subgroups challenges 
implementation of EWS in all diseases and all settings. The role of multiple observations and 
change over time is poorly evaluated, e.g. a single observation is generally associated with high 
AUC compared to multiple observations(46,69). Moreover, AUC, the most commonly used 
measure of predictive performance, has limitations and other metrics, including positive 
predictive value, should also be assessed(70). Recording observations at an agreed threshold 
point before events in a standardised method is necessary to evaluate EWS effectively. 

EWS were primarily designed for general patient populations in wards and emergency 
departments and remain under-evaluated in specific diseases and settings. In medical and ED 
contexts, EWS perform well, suggesting the role of EWS in general settings, or at the early 
stage of clinical assessment. Our positive findings in respiratory disease may indicate the 
emphasis of several EWS, such as NEWS2, on respiratory changes when patients are 
deteriorating. Specific disease areas may show unique alarm signs when critical events are 
anticipated, which may not be captured by standardised EWS, such as NEWS2, where 
prediction of deterioration is based on pre-defined thresholds in all patients(22). Critical events 
are commonly associated with CVD. With CVD being a leading cause of mortality globally, 
and the significant impact of morbidity on health and social care, early detection of 
deterioration is necessary(71). However, EWS are poorly validated in CVD, some of the 
parameters may not be applicable, and EWS may be unrepresentative(24). A recent study of  
NEWS2 in patients with coronavirus infection found poor performance in severity prediction 
(72), despite pre-existing conditions being common and predictive in patients with severe 
outcomes. EWS may need to take account of disease-specific risk factors and comorbidities. 

Widespread uptake of EHR and digitisation of patient observations are expected to contribute 
to efficient use of EWS, by reducing human errors in documentation and calculation, as well 
as delays in escalation of care. However, relatively few studies have considered EHR-based 
EWS, and those studies have not analysed whether predictive performance of EWS is related 
to EHR use, diseases or settings. Investigating implementation and adoption of EWS is 
necessary to understand the application and performance of EWS. Predictive algorithms 
derived by machine learning have been successfully used in developing and validating EWS 
(42,73), but will require robust evaluation. Studying the implementation process of EWS 
within EHR will provide opportunities for qualitative and quantitative insights into escalation 
of care, as well as facilitators and barriers to use of EWS in routine practice.

There are several limitations in this review and in included studies. We aimed for a 
comprehensive investigation of all EWS developing since 1997, but this long study period may 
lead to bias in comparing studies with old and new validation approaches statistically and 
technically. We excluded EWS specifically derived and validated for particular disease 
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populations or settings, and excluded studies considering a general patient population. Meta-
analysis was only done for studies using AUC, excluding other methods for assessing 
performance of EWS. At the title and abstract screening stage, 1170 articles were excluded 
since they were Non-English, concerned the pre-hospital setting or paediatric populations or 
were reviews/reports. At the full text screening stage, a further 662 articles were excluded due 
to incomplete data, general patients rather than subgroups, supplemented EWS (e.g. EWS with 
blood biomarkers) and the prior reasons. The exclusion of these studies may have affected our 
findings, particularly the exclusion of non-English studies and those concerning paediatric 
patients and supplemented EWS. The distinction between general patient settings and specific 
disease or patient subgroups is dependent on hospital, healthcare system and country, and there 
is inevitably overlap between patients and settings at different stages in patient pathways. It 
was only feasible to include studies with a clear disease or setting identified to avoid confusion. 

Validation of EWS in disease subgroups should consider similarities and differences across 
diseases, sample size, and include measures of model discrimination and calibration. Further 
research should adhere to established guidelines on clinical outcomes and predictive clinical 
scoring for decision-making, such as the PROGRESS framework(74). 

Conclusion 

Early warning scores developed for general patient populations require further validation of 
their performance for detecting worsening outcomes in specific disease subgroups and settings. 
Despite good performance in respiratory patients and medical and surgical settings in studies 
to-date, the predictive accuracy of EWS in all disease subgroups and all clinical settings 
remains unknown. The current evidence base does not necessarily support use of standard EWS 
in all patients in all settings. Future research should include validation of EWS in particular 
patient subgroups and settings with standardised methodology. 
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Table 1. Characteristics of included studies of predictive performance for early warning scores in patient subgroups and settings. 

Subgroups Settings Study design EWS Outcomes studied
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Kellett, 2012 Canada ● ○ ○ ● ● ● ○ ○ ● ○ ● ● ● ○ ○ ○ 10007 ✗ ● ○ ○ ○ ○ ○ ○ ○ ○ ○     AUC ✓ ✗ ✗ ✗ ✗

Kim, 2017 Korea ○ ● ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ● ○ ○ ○ 2172 ✓ ● ○ ○ ○ ○ ○ ○ ○ ○ ○ AUC ✗ ✓ ✗ ✗ ✗

Bozkurt, 2015 Turkey ○ ● ○ ○ ○ ○ ○ ○ ○ ○ ○ ○  ○ ● ○ ○ 202 ✗ ○ ● ○ ○ ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗

Seak, 2017 Taiwan ○ ● ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ● ○ ○ ○ 66 ✗ ○ ● ○ ○ ○ ○ ○ ○ ○ ○ AUC ✓ ✓ ✗ ✗ ✗

Hu, 2016 USA ○ ○ ● ○ ○ ● ○ ○ ○ ○ ○ ○ ● ○ ○ ○ 565 ✓ ○ ○ ● ○ ○ ○ ○ ○ ○ ○ AUC ✓ ✓ ✓ ✗ ✗

Liljehult, 2016 Denmark ○ ○ ○ ○ ● ○ ○ ○ ○ ○ ○ ○ ● ○ ○ ○ 274 ✗ ○ ○ ● ○ ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗

Mulligan,2010 UK ○ ○ ● ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ● ○ ○ 71 ✗ ○ ○ ● ○ ○ ○ ○ ○ ○ ○ AUC ✓ ✓ ✗ ✗ ✗
Cooksley, 

2012 UK ○ ○ ○ ○ ○ ● ○ ○ ○ ○ ○ ○ ● ○ ○ ○ 840 ✗ ○ ● ○ ● ○ ○ ○ ○ ○ ○ AUC ✓ ✓ ✓ ✗ ✗
Vaughn, 2018 USA ○ ○ ○ ○ ○ ● ○ ○ ○ ○ ○ ○ ● ○ ○ ○ 504 ✓ ○ ● ○ ○ ○ ○ ○ ○ ○ ○ AUC ✓ ✓ ✗ ✗ ✗

Young, 2014 USA ○ ○ ● ○ ○ ● ○ ○ ○ ○ ○ ○ ● ○ ○ ○ 61 ✗ ○ ● ○ ○ ○ ○ ○ ○ ○ ○

Sens 
& 

Spec ✓ ✗ ✗ ✗ ✗
Von, 2007 UK ○ ○ ○ ○ ○ ● ○ ○ ○ ○ ○ ○ ● ○ ○ ○ 43 ✗ ○ ● ○ ○ ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗
Pedersen, 

2018 Denmark ○ ○ ○ ○ ○ ○ ● ○ ○ ○ ○ ○ ● ○ ○ ○ 11266 ✓ ○ ○ ○ ● ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗

Forster, 2018 UK ○ ○ ○ ○ ○ ○ ● ○ ○ ○ ○ ○ ● ○ ○ ○ 8812 ✓ ○ ○ ○ ● ○ ○ ○ ○ ○ ○

Sens 
& 

Spec ✓ ✗ ✗ ✗ ✗
Pimentel, 

2018 UK ○ ○ ○ ○ ○ ○ ● ○ ○ ○ ○ ○ ● ○ ○ ○ 1394 ✓ ○ ○ ○ ● ● ○ ○ ○ ○ ○ AUC ✓ ✓ ✓ ✗ ✗

Sbiti-rohr, 
2016 Switzerland ○ ○ ○ ○ ○ ○ ● ○ ○ ● ○ ○ ○ ○ ● ○ 925 ✗ ○ ○ ○ ● ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗

Brabrand, 
2017 Denmark ○ ○ ○ ○ ○ ○ ● ○ ○ ○ ○ ● ○ ● ○ ○ 570 ✗ ○ ○ ○ ● ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗

Jo, 2016 Korea ○ ○ ○ ○ ○ ○ ● ○ ○ ○ ○ ○ ● ○ ○ ○ 553 ✗ ○ ○ ○ ● ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗
Barlow, 2007 UK ○ ○ ○ ○ ○ ○ ● ○ ○ ○ ○ ○ ○ ● ○ ○ 419 ✗ ○ ○ ● ○ ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗
Bilben, 2016 Norway ○ ○ ○ ○ ○ ○ ● ○ ○ ● ○ ○ ○ ● ○ ○ 246 ✗ ○ ○ ○ ● ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗
Delahanty, 

2019 USA ○ ○ ○ ○ ○ ○ ○ ● ○ ● ○ ○ ● ○ ○ ○ 920026 ✗ ○ ● ○ ● ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✓
Redfern, 2018 UK ○ ○ ○ ○ ○ ○ ○ ● ○ ○ ○ ○ ● ○ ○ ○ 241996 ✗ ○ ○ ○ ● ○ ○ ○ ○ ○ ○ AUC ✓ ✓ ✗ ✗ ✗

Churpek, 
Sokol 2017 USA ○ ○ ○ ○ ○ ○ ○ ● ○ ○ ○ ○ ○ ● ○ ○ 53849 ✗ ○ ● ○ ● ○ ○ ○ ○ ○ ○ AUC ✓ ✓ ✗ ✗ ✗
Faisal, 2019 UK ○ ○ ○ ○ ○ ○ ○ ● ○ ● ○ ○ ● ○ ○ ○ 36161  ○ ○ ○ ● ○ ○ ○ ○ ○ ○ AUC ✗ ✗ ✗ ✗ ✓
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Churpek,2017 USA ○ ○ ○ ○ ○ ○ ○ ● ○ ○ ○ ○ ○ ● ○ ○ 18523 ✗ ○ ● ○ ● ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗
Henry, 2015 USA ○ ○ ○ ○ ○ ○ ○ ● ● ○ ○ ○ ● ○ ○ ○ 13014 ✓ ○ ● ○ ○ ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗
Brink,2019 Netherlands ○ ○ ○ ○ ○ ○ ○ ● ○ ● ○ ○ ● ○ ○ ○ 8204 ✗ ○ ○ ○ ● ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗
De Groot, 

2017
Netherlands ○ ○ ○ ○ ○ ○ ○ ● ○ ● ○ ○ ○ ● ○ ○ 2280 ✗ ○ ● ○ ● ○ ○ ○ ○ ○ ○ AUC ✓ ✓ ✗ ✗ ✗

Corfield, 2014 UK ○ ○ ○ ○ ○ ○ ○ ● ○ ● ○ ○ ● ○ ○ ○ 2003 ✗ ○ ○ ○ ● ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗
Goulden, 

2018
UK ○ ○ ○ ○ ○ ○ ○ ● ○ ● ○ ○ ● ○ ○ ○ 1818 ✓ ○ ○ ○ ● ○ ○ ○ ○ ○ ○ AUC ✓ ✓ ✗ ✗ ✗

Khwannimit, 
2019

Thailand ○ ○ ○ ○ ○ ○ ○ ● ● ○ ○ ○ ● ○ ○ ○ 1589 ✗ ○ ● ○ ● ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗

Ghanem, 
2011

Israel ○ ○ ○ ○ ○ ○ ○ ● ○ ○ ○ ○  ○ ● ○ ○ 1072 ✗ ○ ● ○ ○ ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗

Saeed, 2019 UK, France, 
Italy, Sweden 
& Spain

○ ○ ○ ○ ○ ○ ○ ● ○ ● ○ ○ ● ○ ○ ○ 1058 ✗ ○ ○ ○ ● ○ ○ ○ ○ ○ ○ AUC ✓ ✓ ✗ ✗ ✗

Innocenti, 
2018

Italy ○ ○ ○ ○ ○ ○ ○ ● ○ ○ ○ ○ ● ○ ○ ○ 742 ✗ ○ ● ○ ● ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗

Camm, 2018 UK ○ ○ ○ ○ ○ ○ ○ ● ○ ● ○ ○ ● ○ ○ ○ 533 ✗ ○ ○ ○ ● ○ ○ ○ ○ ○ ○ Sens 
&Spec

✓ ✓ ✗ ✗ ✗

Tirotta, 2017 Italy ○ ○ ○ ○ ○ ○ ○ ● ○ ○ ○ ○ ○ ● ○ ○ 526 ✗ ○ ● ○ ● ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗
Pong, 2019 Malaysia ○ ○ ○ ○ ○ ○ ○ ● ○ ● ○ ○ ● ○ ○ ○ 364 ✗ ○ ● ○ ● ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗
Prabhakar, 

2019
Malaysia ○ ○ ○ ○ ○ ○ ○ ● ○ ● ○ ○ ● ○ ○ ○ 343 ✗ ○ ● ○ ● ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗

Martino, 
2018

Italy ○ ○ ○ ○ ○ ○ ○ ● ○ ● ○ ○ ● ○ ○ ○ 310 ✗ ○ ● ○ ○ ○ ○ ○ ○ ○ ○ AUC ✓ ✓ ✗ ✗ ✗

Vorwerk, 
2009

UK ○ ○ ○ ○ ○ ○ ○ ● ○ ● ○ ○ ● ○ ○ ○ 308 ✗ ○ ● ○ ○ ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗

Qin, 2017 China ○ ○ ○ ○ ○ ○ ○ ● ○ ● ○ ○ ● ○ ○ ○ 292 ✗ ○ ● ○ ○ ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗
Schmedding, 

2019
Gabon ○ ○ ○ ○ ○ ○ ○ ● ○ ● ○ ○ ○ ● ○ ○ 277 ✗ ○ ● ○ ○ ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗

Albur, 2016 UK ○ ○ ○ ○ ○ ○ ○ ● ○ ○ ○ ○ ○ ● ○ ○ 245 ✗ ○ ○ ● ○ ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗
Cildir, 2013 Turkey ○ ○ ○ ○ ○ ○ ○ ● ○ ● ○ ○ ○ ● ○ ○ 230 ✗ ○ ● ○ ○ ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗
Chiew, 2019 Malaysia ○ ○ ○ ○ ○ ○ ○ ● ○ ● ○ ○ ● ○ ○ ○ 214 ✗ ○ ● ○ ● ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗
Samsudin, 

2018 
Malaysia ○ ○ ○ ○ ○ ○ ○ ● ○ ● ○ ○ ● ○ ○ ○ 214 ✗ ○ ● ○ ● ○ ○ ○ ○ ○ ○ AUC ✓ ✓ ✗ ✗ ✗

Chang, 2018 China ○ ○ ○ ○ ○ ○ ○ ● ○ ● ○ ○ ● ○ ○ ○ 152 ✗ ○ ● ○ ○ ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗
Geier, 2013 Germany ○ ○ ○ ○ ○ ○ ○ ● ○ ● ○ ○ ○ ● ○ ○ 151 ✗ ○ ● ○ ○ ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✓

Asiimwe, 
2015

Uganda ○ ○ ○ ○ ○ ○ ○ ● ○ ○ ○ ○ ○ ● ○ ○ 150 ✗ ○ ● ○ ○ ○ ○ ○ ○ ○ ○ Prognostic 
index

✓ ✗ ✗ ✗ ✗

Hung, 2017 Taiwan ○ ○ ○ ○ ○ ○ ○ ● ○ ● ○ ○ ● ○ ○ ○ 114 ✗ ○ ● ○ ○ ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗
Garcea, 2006 UK ○ ○ ○ ○ ○ ○ ○ ● ○ ○ ○ ○ ● ○ ○ ○ 110 ✗ ○ ○ ● ○ ○ ○ ○ ○ ○ ○ AUC ✓ ✓ ✗ ✗ ✗

Yoo, 2015 Korea ○ ○ ○ ○ ○ ○ ○ ● ○ ○ ○ ○ ● ○ ○ ○ 100 ✗ ○ ● ○ ○ ○ ○ ○ ○ ○ ○ OR ✓ ✓ ✗ ✗ ✗
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Studies are ranked according to sample size from largest to smallest in each subgroup. 
Abbreviations: 
Subgroup: CVD: Cardiovascular Disease, ED: Emergency Department; GI: Gastro Intestinal diseases; ICU: Intensive Care Unit.
EWS: Early warning score; VIEWS: Vital pack Early Warning Score, MEWS: Modified Early Warning Score; EWS: Early Warning Score; 
NEWS: National Early Warning Score; HOTEL: Hypotension, Oxygen saturation, Temperature, ECG abnormality, Loss of independence score; 
Worthing: Worthing physiological scoring system; TREWS: Triage in Emergency department Early Warning Score; SOS: Search Out Severity 
score, HEWS: Hamilton early warning score.
EHR: Electronic Health Records. 
Predictive measure: AUC: Area Under the Curve; Sens and Spec: Sensitivity and Specificity; OR: Odds Ratio. 
Outcomes: ICU: transfer to Intensive Care Unit; CA: Cardiac Arrest; RA: Respiratory Arrest. 

Siddiqui,2017 Malaysia ○ ○ ○ ○ ○ ○ ○ ● ● ○ ○ ○ ● ○ ○ ○ 58 ✗ ○ ○ ● ○ ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗
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Table 2. Characteristics of included studies of predictive performance for early warning scores in clinical settings.

Settings Study design EWS Outcomes studied
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Calvert 2016 Israel ● ○ ○ ○ ● ○ ○ ○ 29083 ✗ ○ ● ○ ○ ○ ○ ○ ○ ○ ○ AUC ✗ ✗ ✗ ✗ ✓
Awad, 2017 UK ● ○ ○ ○ ● ○ ○ ○ 11722 ✗ ○ ○ ○ ● ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗
Reini, 2012 Sweden ● ○ ○ ○ ○ ● ○ ○ 518 ✗ ○ ● ○ ○ ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗
Chen, 2019 Taiwan ● ○ ○ ○ ● ○ ○ ○ 370 ✗ ○ ○ ○ ● ○ ○ ○ ○ ○ ○ AUC ✗ ✗ ✗ ✓ ✗
Baker, 2015 Tanzania ● ○ ○ ○ ○ ● ○ ○ 269 ✗ ○ ○ ○ ● ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗
Gök, 2019 Turkey ● ○ ○ ○ ● ○ ○ ○ 250 ✗ ○ ● ○ ○ ○ ○ ○ ○ ○ ○ AUC ✗ ✗ ✗ ✗ ✓

Moseson, 2014 USA ● ○ ○ ○ ○ ● ○ ○ 227 ✗ ○ ● ○ ○ ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗
Jo, 2013 South Korea ● ○ ○ ○ ● ○ ○ ○ 151 ✗ ● ● ○ ○ ○ ○ ○ ● ○ ○ AUC ✓ ✗ ✗ ✗ ✗

Kown, 2018 Korea ○ ● ○ ○ ● ○ ○ ○ 1986334 ✗ ○ ● ○ ○ ○ ○ ○ ○ ○ ○ AUC ✓ ✓ ✗ ✗ ✗
Usman, 2019 USA ○ ● ○ ○ ● ○ ○ ○ 115734 ✗ ○ ● ○ ● ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✓

Jang, 2019 Korea ○ ● ○ ○ ● ○ ○ ○ 56368 ✗ ○ ● ○ ○ ○ ○ ○ ○ ○ ○ AUC ✗ ✗ ✓ ✗ ✗
Wei, 2019 China ○ ● ○ ○ ● ○ ○ ○ 39977 ✗ ○ ● ○ ○ ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗
Lee, 2019 Korea ○ ● ○ ○ ● ○ ○ ○ 27173 ✗ ○ ● ○ ● ○ ○ ○ ○ ● ○ AUC ✓ ✗ ✗ ✗ ✗

Singer, 2017 USA ○ ● ○ ○ ● ○ ○ ○ 22530 ✗ ○ ● ○ ○ ○ ○ ○ ○ ○ ○ AUC ✓ ✓ ✗ ✗ ✗
Eick, 2015 Germany ○ ● ○ ○ ○ ● ○ ○ 5730 ✗ ○ ● ○ ○ ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗

Bulut, 2014 Turkey ○ ● ○ ○ ○ ● ○ ○ 2000 ✗ ○ ● ○ ○ ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗
Kivipuro, 2018 Finland ○ ● ○ ○ ○ ● ○ ○ 1354 ✗ ○ ○ ○ ● ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗
Eckart, 2019 USA ○ ● ○ ○ ● ○ ○ ○ 1303 ✗ ○ ○ ○ ● ○ ○ ○ ○ ○ ○ AUC ✓ ✓ ✗ ✗ ✗

Ho, 2013 Malaysia ○ ● ○ ○ ● ○ ○ ○ 1024 ✗ ○ ● ○ ○ ○ ○ ○ ○ ○ ○ AUC ✗ ✓ ✗ ✗ ✗
Skitch, 2018 Canada ○ ● ○ ○ ● ○ ○ ○ 845 ✗ ○ ○ ○ ● ○ ○ ○ ○ ○ ● AUC ✗ ✗ ✗ ✗ ✓

Liu, 2014 Malaysia ○ ● ○ ○ ○ ● ○ ○ 702 ✗ ○ ● ○ ○ ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✓ ✗ ✗
Dundar, 2016 Turkey ○ ● ○ ○ ○ ● ○ ○ 671 ✗ ● ● ○ ○ ○ ○ ○ ○ ○ ○ AUC ✓ ✓ ✗ ✗ ✗
Yuan., 2018 China ○ ● ○ ○ ○ ● ○ ○ 621 ✗ ○ ● ○ ● ○ ○ ○ ○ ○ ○ AUC ✓ ✓ ✗ ✗ ✗

Naidoo, 2014 South Africa ○ ● ○ ○ ● ○ ○ ○ 590 ✗ ○ ○ ○ ○ ○ ○ ○ ○ ●  ○ Sens & Spec ✓ ✗ ✗ ✗ ✗
Liu F.Y, 2015 China ○ ● ○ ○ ○ ● ○ ○ 551 ✗ ○ ● ○ ● ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗

So, 2015 China ○ ● ○ ○ ○ ● ○ ○ 544 ✗ ○ ● ○ ○ ○ ○ ○ ○ ○ ○ Sens & Spec ✓ ✗ ✗ ✗ ✗
Dundar, 2019 Turkey ○ ● ○ ○ ● ○ ○ ○ 455 ✗ ○ ○ ○ ● ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗

Lam, 2006 China ○ ● ○ ○ ○ ● ○ ○ 425 ✗ ○ ● ○ ○ ○ ○ ○ ○ ○ ○ AUC ✓ ✓ ✗ ✗ ✗
Xie, 2018 China ○ ● ○ ○ ○ ● ○ ○ 383 ✗ ○ ● ○ ○ ○ ○ ○ ○ ○ ○ AUC ✓ ✓ ✗ ✗ ✗

Cattermole, 2009 China ○ ● ○ ○ ○ ● ○ ○ 330 ✗ ○ ● ○ ○ ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗
Heitz, 2010 USA ○ ● ○ ○ ● ○ ○ ○ 280 ✗ ○ ● ○ ○ ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗

Sirivilaithon, 2019 Thailand ○ ● ○ ○ ○ ○ ○ ● 250 ✗ ○ ○ ○ ● ○ ○ ○ ○ ○ ○ AUC ✗ ✗ ✗ ✗ ✗
Cattermole, 2014 China ○ ● ○ ○ ○ ● ○ ○ 230 ✗ ○ ● ○ ● ○ ○ ● ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗

Najafi, 2018 Iran ○ ● ○ ○ ○ ● ○ ○ 185 ✗ ○ ○ ○ ● ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗
Bartkowiak, 2019 USA ○ ○ ● ○ ● ○ ○ ○ 32537 ✗ ○ ● ○ ● ○ ○ ○ ○ ○ ○ AUC ✓ ✓ ✓ ✗ ✗

Kovacs, 2016 UK ○ ○ ● ● ● ○ ○ ○ 20626 ✗ ○ ○ ○ ● ○ ○ ○ ○ ○ ○ AUC ✓ ✓ ✓ ✗ ✗
Plate, 2018 Netherlands ○ ○ ● ○ ○ ● ○ ○ 1782 ✗ ● ○ ○ ○ ○ ○ ○ ○ ○ ○ AUC ✓ ✓ ✗ ✗ ✗

Sarani, 2012 Netherlands ○ ○ ● ○ ○ ● ○ ○ 572 ✗ ○ ● ○ ○ ○ ○ ○ ○ ○ ○ Sens & Spec ✓ ✓ ✗ ✗ ✗
Hollis, 2016 USA ○ ○ ● ○ ● ○ ○ ○ 522 ✗ ○ ○ ● ○ ○ ○ ○ ○ ○ ○ AUC ✓ ✓ ✗ ✗ ✗
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Studies are ranked according to sample size from largest to smallest in each subgroup. 
Abbreviations: 
Subgroup: CVD: Cardiovascular Disease, ED: Emergency Department; GI: Gastro Intestinal diseases; ICU: Intensive Care Unit.
EWS: Early warning score; VIEWS: Vital pack Early Warning Score, MEWS: Modified Early Warning Score; EWS: Early Warning Score; 
NEWS: National Early Warning Score; HOTEL: Hypotension, Oxygen saturation, Temperature, ECG abnormality, Loss of independence score; 
Worthing: Worthing physiological scoring system; TREWS: Triage in Emergency department Early Warning Score; SOS: Search Out Severity 
score, HEWS: Hamilton early warning score.
EHR: Electronic Health Records. 
Predictive measure: AUC: Area Under the Curve; Sens and Spec: Sensitivity and Specificity; OR: Odds Ratio. 
Outcomes: ICU: transfer to Intensive Care Unit; CA: Cardiac Arrest; RA: Respiratory Arrest. 

Settings Study design EWS Outcomes studied
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Gardner-Thorpe 
2006 UK ○ ○ ● ○ ○ ● ○ ○ 334 ✗ ○ ● ○ ○ ○ ○ ○ ○ ○ ○ Sens & Spec ✓ ✓ ✗ ✗ ✗

Garcea, 2010 UK ○ ○ ● ○ ● ○ ○ ○ 280 ✗ ○ ○ ● ○ ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗
Cuthbertson, 

2007 UK ○ ○ ● ○ ● ○ ○ ○ 136 ✗ ○ ● ● ○ ○ ○ ○ ○ ○ ○ AUC ✗ ✓ ✗ ✗ ✗
Prytherch, 2010 UK ○ ○ ○ ● ● ○ ○ ○ 35585 ✗ ● ○ ○ ○ ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗

Smith, 2013 UK ○ ○ ○ ● ● ○ ○ ○ 35585 ✗ ○ ○ ○ ● ○ ○ ○ ○ ○ ○ AUC ✓ ✓ ✓ ✗ ✗
Rasmussen, 

2018 Denmark ○ ○ ○ ● ● ○ ○ ○ 17312 ✗ ○ ○ ○ ● ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗
Ghosh, 2018 USA ○ ○ ○ ● ● ○ ○ ○ 2097 ✓  ○ ● ○ ● ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗
Duckitt, 2007 UK ○ ○ ○ ● ○ ● ○ ○ 1102 ✗ ○ ○ ● ○ ○ ○ ● ○ ○ ○ AUC ✓ ✓ ✗ ✗ ✗

Colombo, 2017 Italy ○ ○ ○ ● ● ○ ○ ○ 471 ✗ ○ ● ○ ○ ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗
Abbot, 2016 UK ○ ○ ○ ● ○ ● ○ ○ 322 ✗ ○ ○ ○ ● ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗

Wheeler, 2013 Malawi ○ ○ ○ ● ○ ● ○ ○ 302 ✗ ○ ● ○ ○ ○ ○ ○ ● ○ ○ AUC ✓ ✗ ✗ ✗ ✗
Graziadio, 2019 UK ○ ○ ○ ● ○ ● ○ ○ 292 ✗ ○ ○ ○ ● ○ ○ ○ ○ ○ ○ AUC ✓ ✓ ✗ ✗ ✗
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Figure 1. Search strategy and included studies regarding early warning scores in different disease subgroups 
and clinical settings. 
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Figure 2.  Number of studies regarding performance of early warning scores in different disease subgroups 
and clinical settings. 

Each bubble represents the disease subgroup and/or setting where different early warning scores were 
examined. The size of the bubble represents the number of studies (n); and overlapping bubbles show 

studies where disease subgroup and settings overlap. Abbreviations: CVD: Cardiovascular Diseases; ED: 
Emergency Department; GI: Gastro Intestinal Diseases; ICU: Intensive Care Unit. 
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Figure 3. Early warning score performance in different disease subgroups. 

Each bubble represents critical events predicted by early warning scores for each disease subgroup with 
average AUC of studies beside each event type. The size of the bubble represents the number of studies in 

each subgroup. Abbreviations: CA: cardiac arrest; CVD: cardiovascular diseases; GI: Gastro Intestinal 
Diseases; ICU: Transfer to Intensive Care Unit; OF: Organ Failure; RA: Respiratory Arrest. 
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Figure 4. Early warning score performance in different clinical settings. 

Each bubble represents critical events predicted by early warning scores for each disease subgroup with 
average AUC of studies beside each event type. The size of the bubble represents the number of studies in 
each subgroup. Abbreviations: ED: Emergency Department; ICU: Intensive Care Units; OF: organ failure; 

CA: Cardiac Arrest; ICU: Transfer to Intensive Care Units; RA: Respiratory Arrest. 
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Figure 5: Forest plot of predictive accuracy of early warning scores for mortality in different disease 
subgroups and clinical settings. 

Abbreviations: Med: medical settings, Surg: surgical settings, ED: Emergency Department, ICU: Intensive 
Care Units, Infec: Infectious Diseases, Resp: Respiratory Diseases, Onco: Oncology diseases, Stroke: 

Patients with stroke, Renal: Renal diseases, Hem: Haematological diseases, GI: Gastro Intestinal diseases, 
CVD: Cardiovascular Diseases. 

Note: number following Author(s) and year indicate more than one EWS evaluated in the study. 
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Figure 6: Forest plot predictive accuracy of NEWS for mortality. 

RE model for all studies: Q (df = 39) = 37566.8345, p-val < .0001,  I2 = 99.87% 
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Supplementary methods: Search strategy for MEDLINE 

1- ews OR early warning score* OR EARLY WARNING SYSTEM* OR RAPID RESPONSE 

SYSTEM* OR MEWS OR MODIFIED EARLY WARNING SCORE* OR MODIFIED EARLY 

WARNING SYSTEM* OR news OR national early warning score OR news2 OR national early 

warning score 2 OR ( track and trigger system* ) 

2- (MH "Intensive Care Units") 

3- ICU OR intensive care unit* OR CRITICAL CARE UNIT* OR CRITICAL CARE 

4- 2 OR 3 

5- 1 AND 4 

6- (MH "Nervous System Diseases") 

7- neurological disorder* OR neurological disease OR neurological condition* 

8- 6 OR 7 

9- 1 AND 8 

10- MH "Cardiovascular Diseases") OR (MH "Cardiology") 

11- (MH "Thoracic Surgery") 

12- cardiovascular disease* OR cardiovascular disorder* OR heart disease* OR cardiology* OR cardiac 

surgery OR thoracic surgery 

13- 10 OR 11 OR 12  

14- 1 AND 13 

15- (MH "Musculoskeletal Diseases") OR (MH "Orthopedics") 

16- orthopedic disease* OR orthopedic surgery 

17- 15 OR 16 

18- 1 AND 17  

19- (MH "Kidney Diseases, Cystic") OR (MH "Kidney Failure, Chronic") OR (MH "Polycystic Kidney 

Diseases") OR (MH "Renal Insufficiency, Chronic") 

20- renal disease* OR renal failure OR kidney disease* 

21- 19 OR 20  

22- 1 AND 21  

23- (MH "Hematologic Diseases") 

24- hematologic disorder* OR hematologic disease* OR hematology 

25- 23 OR 24  

26- 1 AND 25  

27- (MH "Respiratory Tract Diseases") 

28- respiratory disease* OR respiratory disorder* 

29- 27 OR 28  

30- 1 AND 29  

31- (MH "Gastroenterology") 

32- gastrointestinal disorder* OR gastrointestinal disease* OR gastroenterology OR hepatology  

33- 31 OR 32  

34- 1 AND 33 

35- (MH "Medical Oncology") OR (MH "Surgical Oncology")  

36- oncology OR cancer OR chemotherapy 

37- 35 OR 36  

38- 1 AND 37  

39- (MH "Wounds and Injuries") OR (MH "Emergency Medicine")  

40- emergency department* OR emergency OR emergency room* OR trauma* 

41- 39 OR 40 

42- 1 AND 41 

43- (MH "Sepsis") OR (MH "Infection")  

44- INFECTION* OR INFECTIOUS DISEASE* OR SEPSIS 

45- 43 OR 44 

46- 1 AND 45 

47- (MH "Obstetrics")  

48- (obstetrics and gynecology) OR OBSTETRIC* 

49- 47 OR 48 

50- 1 AND 49 

51- (MH "Allergy and Immunology") 

52- immunological disease* OR immunological disorder* 

Page 28 of 50

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

53- 51 OR 52 

54- 1 AND 53 

55- (MH "Internal Medicine")  

56- medical ward* 

57- 55 OR 56 

58- 1 AND 57 

59- (MH "General Surgery") 

60- surgical ward* 

61- 59 OR 60 

62- 1 AND 61 

63- 5 OR 9 OR 14 OR 18 OR 22 OR 26 OR 30 OR 34 OR 38 OR 42 OR 46 OR 50 OR 54 OR 58 OR 62  
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Supplementary methods: Search strategy for CINAHL 
1- ews OR early warning score* OR EARLY WARNING SYSTEM* OR RAPID RESPONSE 

SYSTEM* OR MEWS OR MODIFIED EARLY WARNING SCORE* OR MODIFIED EARLY 

WARNING SYSTEM* OR news OR national early warning score OR news2 OR national early 

warning score 2 OR ( track and trigger system* ) 

2- (MH "Intensive Care Units") 

3- ICU OR intensive care unit* OR CRITICAL CARE UNIT* OR CRITICAL CARE 

4- 2 OR 3 

5- 1 AND 4 

6- (MH "Nervous System Diseases")  

7- neurological disorder* OR neurological disease OR neurological condition*  

8- 6 OR 7 

9- 1 AND 8  

10- (MH "Heart Diseases") OR (MH "Cardiovascular Diseases") 

11-  (MH "Heart Surgery") 

12- cardiovascular disease* OR cardiovascular disorder* OR heart disease* OR cardiology* OR cardiac 

surgery OR thoracic surgery 

13- 10 OR 11 OR 12 

14- 1 AND 13 

15- (MH "Orthopedic Surgery") OR (MH "Musculoskeletal Diseases") 

16- orthopedic disease* OR orthopedic surgery 

17- 15 OR 16 

18- 1 AND 17 

19- (MH "Kidney, Cystic") OR (MH "Kidney Diseases")  

20- renal disease* OR renal failure OR kidney disease*  

21- 19 OR 20 

22- 1 AND 21 

23- (MH "Hematologic Diseases") 

24- (MH "Lymphatic Diseases") 

25- hematologic disorder* OR hematologic disease* OR hematology  

26- 23 OR 24 O 25 

27- 1 AND 26 

28- (MH "Respiratory Tract Diseases") 

29- respiratory disease* OR respiratory disorder* 

30- 28 OR 29 

31- 1 AND 30 

32- (MH "Digestive System Diseases")  

33- gastrointestinal disorder* OR gastrointestinal disease* OR gastroenterology OR hepatology  

34- 32 OR 33  

35- 1 AND 34 

36- (MH "Cancer Patients") OR (MH "Oncology")  

37- oncology OR cancer OR chemotherapy  

38- 36 OR 37 

39- 1 AND 38 

40- (MH "Wounds and Injuries") OR (MH "Trauma") 

41- emergency department* OR emergency OR emergency room* OR trauma* 

42- 40 OR 41 

43- 1 AND 42 

44- (MH "Infection")  

45- INFECTION* OR INFECTIOUS DISEASE* OR SEPSIS 

46- 44 OR 45 

47- 1 AND 46 

48- (MH "Obstetric Emergencies") OR (MH "Obstetric Patients")  

49- ( obstetrics and gynecology ) OR OBSTETRIC* 

50- 48 OR 49 

51- 1 AND 50 

52- (MH "Internal Medicine") 

53- (MH "Allergy and Immunology") 

54- medical ward 

55- immunological disease* OR immunological disorder* 
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56- 52 OR 53 OR 54 OR 55 

57- 1 AND 56 

58-  (MH "Surgical Patients") 

59- surgical ward* 

60- 58 OR 59 

61- 1 AND 60 

62- 5 OR 9 OR 14 OR 18 OR 22 OR 27 OR 31 OR 35 OR 39 OR 43 OR OR 47 OR 51 OR 57 OR 61  
 
 
 
 
 
 

Supplementary methods: Patients’ subgroups  
 

1- Cardiology patients 

2- Neurology patients  

3- Orthopaedic patients 

4- Renal patients 

5- Haematology patients  

6- Respiratory patients  

7- Gastroenterology patients  

8- Oncology patients  

9- Emergency patients 

10- Infection patients  

11- Medical patients  

12- Surgical patients  

13- Intensive care patients 
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Table S1. Risk of bias assessment results 
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Quality 
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Hu, 2016 (S5) Internal  Unclear high 
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Jo, 2016 (S17) External High high 
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Bilben, 2016 (S19) External Unclear unclear 

Delahanty, 2019 (S20) Internal  low  low  
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Churpek, 2017 (S22) External High high 

Faisal, 2019 (S23) External low  low  

Churpek 2017 (S24) External low  low  

Henry, 2015 (S25) Internal  low  low  

Brink 2019 (S26) External Unclear unclear 

de Groot, 2014 (S27) External Unclear unclear 
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Qin, 2017 (S40) External Unclear unclear 

Schmedding, 2019 (S41) External Unclear unclear 

Albur, 2016 (S42) External Unclear unclear 

Cildir, 2013 (S43) External Unclear unclear 

Chiew, 2019 (S44) External Unclear unclear 
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Samsudin, 2018 (S45) Internal Unclear unclear 
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Gardner-Thorpe 2006 (S92) External Unclear unclear 

Garcea, 2010 (S93) External High high 

Cuthbertson, 2007 (S94) External High unclear 

Prytherch, 2010 (S95) Internal low  low  

Smith, 2013 (S96) External low  low  

Ramsussen, 2018 (S97) External Unclear unclear 

Ghosh, 2018 (S98) Internal low  low  

Duckitt, 2007 (S99) Internal  low  low  

Colombo, 2017 (S100) External High high 

Abbot, 2016 (S101) External High high 

Wheeler, 2013 (S102) External Unclear unclear 

Graziadio, 2019 (S103) External Unclear unclear 

ROBINS-I 

 Overall bias assessment 

Subbe, 2003 (S104) Moderate 

Dawes, 2014 (S105) Low  

Moon, 2011 (S106) Low  

Sutherasan,  2018 (S107) Moderate  

Heller, 2018 (S108) Low  

   
 

 

Total  108 studies   
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Table S2. Early warning scores used in studies of patients’ sub-populations and settings 
  

HR SBP RR Temp APVU/ LOC O2 Sat Supp O2 
Urine 
OP Other  

Kellett, 2012 (S1) VIEWS ✓ ✓ ✓ ✓ ✗ ✓ ✓ ✗ ✗ 

Seak, 2017 (S4) MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗ 

Bozkurt, 2015 (S3) MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗ 

Kim, 2017 (S2) NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗ 

Hu, 2016 (S5) VIEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗ 

Mulligan, 2010 (S7) EWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗ 

Liljehult, 2016 (S6) EWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗ 

Cooksley, 2012 (S8) MEWS ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✓ ✗ 

Cooksley, 2012 (S8) NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗ 

Vaughn, 2018 (S9) MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗ 
Von Lilienfeld-Toal, 2007 
(S11) MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗ 

Young, 2014 (S10) MEWS ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗ ✓ 

Barlow, 2007 (S18) EWS ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✓ ✗ 

Bilben, 2016 (S19) NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗ 

Brabrand, 2017 (S16) NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗ 

Forster, 2018 (S13) NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ 

Jo, 2016 (S16) NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗ 

Pedersen, 2018 (S12) NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗ 

Pimentel, 2018 (S14) NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗ 

Pimentel, 2018 (S14) NEWS2 ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✓ 

Sbiti-rohr, 2016 (S15) NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗ 

Henry, 2015 (S25) MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗ 

Innocenti, 2018 (S33) MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗ 

Garcea, 2006 (S50) EWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✓ ✗ 

Qin, 2017 (S40) MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗ 

Albur, 2016 (S42) EWS ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ 

Asiimwe, 2015 (S48) MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗ 

Brink 2019 (S26) NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗ 

Camm, 2018 (S34) NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗ 

Chang, 2018 (S46) MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗ 

Chiew, 2019 (S44) MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗ 

Chiew, 2019 (S44) NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗ 

Churpek, 2017 (S22) NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗ 

Churpek, 2017 (S22) MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗ 

Churpek, 2017 (S24) NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗ 

Churpek, 2017 (S24) MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗ 

Cildir, 2013 (S43) MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗ 
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Corfield, 2014 (S28) NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗ 

De Groot, 2014 (S27) NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗ 

De Groot, 2014 (S27) MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗ 

Delahanty, 2019 (S20) NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗ 

Delahanty, 2019 (S20) MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗ 

Faisal, 2019 (S23) NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗ 

Geier, 2013 (S47) MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗ 

Ghanem-Zoubi, 2011 (S31)  MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗ 

Goulden, 2018 (S29) NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗ 

Hung, 2017 (S49) MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗ 

Khwannimit, 2019 (S30) NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗ 

Khwannimit, 2019 (S30) SOS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✓ ✗ 

Khwannimit, 2019 (S30) MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗ 

Martino, 2018 (S30) MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗ 

Pong, 2019 (S36) NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗ 

Pong, 2019 (S36) MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗ 

Prabhakar, 2019 (S37) MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗ 

Prabhakar, 2019 (S37) NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗ 

Redfern, 2018 (S21) NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗ 

Saeed, 2019 (S32) NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗ 

Samsudin, 2018 (S45) MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗ 

Samsudin, 2018 (S45) NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗ 

Schmedding, 2019 (S41) MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗ 

Siddiqui, 2017 (S52) EWS ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ 

Tirotta, 2017 (S35) MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗ 

Vorwerk, 2009 (S39) MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗ 

Yoo, 2015 (S51) MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗ 

Awad, 2017 (S54) NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗ 

Baker, 2015 (S57) NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗ 

Calvert 2016 (S53) MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗ 

Gök, 2019 (S58) MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗ 

Chen, 2019 (S56) NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗ 

Jo, 2013 (S60) HOTEL ✗ ✓ ✗ ✓ ✓ ✓ ✗ ✗ ✓ 

Jo, 2013 (S60) VIEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗ 

Moseson, 2014 (S59) MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗ 

Reini, 2012 (S55) MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗ 

Bulut, 2014 (S68) MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗ 

Cattermole, 2009 (S82) MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗ 

Cattermole, 2014 (S85) WORTHING ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ 

Cattermole, 2014 (S85) NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗ 
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Cattermole, 2014 (S85) MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗ 

Heitz, 2010 (S83) MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗ 

Dundar, 2016 (S74) MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗ 

Dundar, 2016 (S74) VIEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗ 

Dundar, 2019 (S79) NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗ 

Eckart, 2019 (S70) NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗ 

Eick, 2015 (S67) MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗ 

Liu, 2015 (S77) NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗ 

Liu, 2015 (S77) MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗ 

Ho, 2013 (S71) MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗ 

Jang, 2019 (S63) MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗ 

Kivipuro, 2018 (S69) NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗ 

Kwon, 2018 (S61) MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗ 

Liu, 2014 (S73) MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗ 

Lee, 2019 (S65) MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗ 

Lee, 2019 (S65) NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗ 

Lee, 2019 (S65) TREWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✓ 

Naidoo, 2014 (S76) TREWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✓ 

Najafi, 2018 (S86) NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗ 

Singer, 2017 (S66) MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗ 

Skitch, 2018 (S72) HEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗ 

Skitch, 2018 (S72) NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗ 

So, 2015 (S78) MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗ 

Srivilaithon, 2019 (S84) NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗ 

Lam, 2006 (S80) MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗ 

Usman, 2019 (S62) NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗ 

Yuan, 2018 (S75) NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗ 

Yuan, 2018 (S75) MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗ 

Wei, 2019 (S64) MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗ 

Xie, 2018 (S81) MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗ 

Bartkowiak, 2019 (S87) NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗ 

Bartkowiak, 2019 (S87) MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✓ ✗ 

Cuthbertson, 2007 (S94) EWS ✓ ✓ ✓ ✓ ✗ ✓ ✗ ✗ ✗ 

Cuthbertson, 2007 (S94) MEWS ✓ ✓ ✓ ✓ ✗ ✓ ✗ ✗ ✗ 

Garcea, 2010 (S50) EWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✓ ✗ 

Gardner-Thorpe 2006 (S92) MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✓ ✗ 

Hollis, 2016 (S91) EWS ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ 

Kovacs, 2016 (S88) NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗ 

Plate, 2018 (S89) VIEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗ 

Sarani, 2012 (S90) MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗ 
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Abbott, 2016 (S101) NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗ 

Duckitt, 2007 (S99) WPC ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ 

Duckitt, 2007 (S99) EWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗ 

Colombo, 2017 (S100) MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗ 

Ghosh, 2018 (S98) NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗ 

Ghosh, 2018 (S98) MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗ 

Graziadio, 2019 (S103) NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗ 

Prytherch, 2010 (S95) VIEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗ 

Ramsussen, 2018 (S97) NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗ 

Smith, 2013 (S96) NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗ 

Wheeler, 2013 (S102) Hotel ✓ ✗ ✓ ✗ ✓ ✓ ✗ ✗ ✓ 

Wheeler, 2013 (S102) MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗ 

            

Total 133           

Abbreviations: HR: heart rate, SBP: systolic blood pressure, RR: respiratory rate, Temp: temperature, AVPU/LOC: alert, 

verbal response, physical response, unresponsive score or level of consciousness, O2 sat: Oxygen saturation, Supp O2: 

supplemental oxygen, Urine OP: urine output, Other: other parameters, i.e., blood biomarkers. VIEWS: Vitalpack early 

warning score, MEWS: modified early warning score, EWS: early warning score, NEWS: national early warning score, 

NEWS2: national early warning score 2, SOS: Search Out Severity score, Worthing: Worthing physiological scoring system, 

HOTEL: Hypotension, Oxygen saturation, Temperature, ECG abnormality, Loss of independence score, TREWS: Triage in 

Emergency department Early Warning Score, HEWS: Hamilton early warning score.  
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Figure S1. Predictive performance of early warning scores for mortality in studies from 2005 to 2020 for different disease subgroups and clinical settings 

Abbreviations: AUC: Area Under the Curve; ED: Emergency Department; GI: Gastro Intestinal diseases; ICU: Intensive Care Unit.  Note: Bubbles sizes 
represents the sample size in each study.  
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 Figure S2. Predictive performance of early warning scores for intensive care admission in studies from 2005 to 2020 for different disease subgroups and 
clinical settings 

 

Abbreviations: AUC: Area Under the Curve; ED: Emergency Department; GI: Gastro Intestinal diseases.  Note: Bubbles sizes represents the sample size in each 
study.  
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Figure S3. Predictive performance of early warning scores for cardiac arrest in studies from 2005 to 2020 for different disease subgroups and clinical settings 

 

Abbreviations: AUC: Area Under the Curve; ED: Emergency Department; GI: Gastro Intestinal diseases.  Note: Bubbles sizes represents the sample size in each 
study. 
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Abstract

Objective: 
To assess predictive performance of universal early warning scores (EWS) in disease 
subgroups and clinical settings.
Design: 
Systematic review.
Data sources: 
Medline, CINAHL, EMBASE and Cochrane database of systematic reviews from 1997 to 
2019. 
Inclusion criteria: 
Randomised trials and observational studies of internal or external validation of EWS to predict 
deterioration (mortality, ICU transfer and cardiac arrest) in disease subgroups or clinical 
settings. 
Results:
We identified 770 studies, of which 103 were included. Study designs and methods were 
inconsistent, with significant risk of bias (high: n=16 and unclear: n=64 and low risk: n=28). 
There were only two randomised trials. There was a high degree of heterogeneity in all 
subgroups and in NEWS (I2=72-99%). Predictive accuracy (mean AUC; 95% CI) was highest 
in medical (0.74; 0.74–0.75) and surgical (0.77; 0.75–0.80) settings and respiratory diseases 
(0.77; 0.75–0.80). Few studies evaluated EWS in specific diseases, e.g. cardiology (n = 1), 
respiratory (n = 7). Mortality and ICU transfer were most frequently studied outcomes, and 
cardiac arrest was least examined (n=8). Integration with electronic health records was 
uncommon (n=9). 
Conclusion: 
Methodology and quality of validation studies of EWS are insufficient to recommend their use 
in all diseases and all clinical settings despite good performance of EWS in some subgroups. 
There is urgent need for consistency in methods and study design, following consensus 
guidelines for predictive risk scores. Further research should consider specific diseases and 
settings, utilising electronic health record data, prior to large-scale implementation.

Systematic review registration: 
PROSPERO CRD42019143141

Strengths and limitations
 The first systematic review to investigate the performance of early warning scores in 

different patient disease subgroups and clinical settings.
 Meta-analysis was performed for different EWS and NEWS validation studies in 

different disease and clinical setting subgroups  
 This study is limited to specific diseases and settings and does not consider the use of 

early warning scores in the general population.
 Analysis of predictive accuracy of early warning scores is based on area-under-the 

curve, not other validation measures. 
 During the study period 1997-2019, approaches to early warning scores and their 

validation have changed. 
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Introduction 

Across diseases, patient deterioration can range from critical care review and sepsis, to 
cardiorespiratory arrest and death(1,2). Delays or failures in timely detection of deterioration 
adversely affect prognosis, morbidity, mortality, and healthcare utilisation(3). For example, the 
20,000 in-hospital cardiac arrests per year in England are associated with costs of £50 million 
for resuscitation and post-arrest care(4). Around the world, earlier recognition and prevention 
of deterioration in unwell patients has far-reaching implications for reduction in mortality and 
morbidity, reduction in the cost of healthcare, and allocation of scarce high dependency and 
critical care resources. Preventive interventions are needed to overcome these challenges (5). 

Specific characteristics have long been known to be associated with deteriorating patient 
health(2, 5–8), including physiological parameters, such as heart rate and blood pressure(5, 9–
12). Early warning scores (EWS), widely used in high-income countries, were borne out of the 
need for early detection of patient deterioration. EWS are tools derived from prediction models 
that assess patient characteristics and physiological parameters to stratify the risk of developing 
a worsening event or need for medical attention(13). The algorithms underlying EWS can be 
“aggregate-weighted” to sum up a set of parameters to produce a score, or use more advanced 
statistical modelling(14). EWS inform clinical decision-making, enabling escalation of 
attention and care when required. Universal tools, such as the modified early warning score 
(MEWS)(15) were developed for use across different hospital settings, but specialised, non-
standard EWS are also designed for particular subgroups, e.g. Rapid Emergency Medicine 
Score (REMS)(16) and Quick Sequential Organ Failure Assessment (qSOFA) (17) for patients 
with infections. In recognising different settings, EWS may have compromised simplicity and 
timeliness of assessment(13). For example, a number of EWS rely on parameters that do not 
exist in the first hours of assessment, such as blood investigations and imaging(1,18,19). 

From fragmented implementation and inadequate early assessment via specialised tools, EWS 
have shifted back to universal prediction models, particularly, the national early warning 
score(NEWS)(20), followed by NEWS2(21). NEWS was designed to produce a universal 
assessment of acute illness severity across the NHS(22). While showing good discrimination 
compared with other EWS, especially in predicting mortality, there was a need to accommodate 
additional clinical parameters in the score. The updated NEWS2, emphasising appropriate 
scoring for type 2 respiratory failure, confusion and severe sepsis(21), was formally endorsed 
by NHS England(23) to be the EWS used in acute care. However, there have been concerns 
regarding excessive calls to clinicians, administrative workload, and variable symptoms across 
diseases and settings(24). The effectiveness of the universal EWS(Box 1) with standardised 
use across all settings is not clear in specific disease populations (25), and requires validation 
to estimate discrimination and calibration, like other clinical prediction models(26). While 
internal validation is useful, generalisability and reproducibility needs external validation(27).
 
Systematic reviews have evaluated EWS in pre-hospital, intensive care unit (ICU) and general 
settings (3,28,29), and sepsis(15), with narrow inclusion criteria and inadequate assessment of 
study quality. A recent systematic review evaluated development and validation of EWS in 
general patients, but did not include studies in specific disease subgroups or settings(30). 

Objective

In a systematic review, we will assess performance of universal EWS in particular diseases and 
clinical settings in predicting mortality, transfer to ICU and cardiac arrest. 
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Methods 

Search strategy 
The protocol adhered to PRISMA-P guidelines (31). Published articles were identified in 
MEDLINE, CINHAL and EMBASE, between 1997 (initial development of EWS) and 2019. 
The Cochrane database was searched for systematic reviews (CDSR) and trials (CENTRAL). 
For grey literature, Google Scholar was searched. During the screening procedure, studies were 
added from references in review articles and studies. Search strategies were developed by two 
authors (BA and AB) and reviewed by a third author (TB). Terms used for searching databases 
include terms for early warning or track and trigger scores and acronyms, identified subgroups 
and settings (e.g., MeSH) and free-text search terms (Figure 1; Supplementary methods).

Inclusion and exclusion criteria
Patient subgroups were identified according to disease categories and clinical settings 
(Supplementary methods). Studies were included if: (1) validation of a universal EWS with 
standardised prediction model in adult patients; (2) EWS validation was in a specific setting or 
disease; (3) the performance of the EWS, or the impact on mortality, transfer to ITU and cardiac 
arrest, was examined; and (4) they were prospective or retrospective cohort, cross-sectional, 
case-control design or trials. 

Studies were excluded if: (1) patients were less than 16 years of age; (2) EWS performance was 
only examined in derivation, not validation; (3) non-universal EWS was developed for a 
specific subgroup, e.g. Obstetric early warning score (OEWS) for obstetric patients or qSOFA 
for patients with infections; or (4) EWS validation was performed in a general patient dataset 
or setting, e.g. validation in a general hospital without consideration of hospital subgroups. 

Data extraction
Articles were screened by title and abstract by one author (BA), then full-text screening was 
by two reviewers (BA and AB). Data was extracted independently by two reviewers (BA and 
AB) using a standardised and piloted data form. A third reviewer (TB) resolved any 
disagreements. Items for extraction for studies examining predictive accuracy were based on 
the CHARMS (32) checklist, except for tool derivation which was excluded. 

Quality assessment
Risk of biases in validation studies was assessed using PROBAST(33), which classifies studies 
as low, unclear, or high risk of bias in four aspects: participant selection, predictors, outcomes 
and analysis within the overall risk of bias and the study applicability domains. 

Evidence synthesis:
We conducted the analysis using MS Excel and R programmes. We summarised the results 
using descriptive statistics and graphical plots. Meta-analysis was performed, in different 
subgroups, using AUC (Area Under the Curve) for identified Universal EWS and for NEWS 
in studies. Fisher-Z transformation for correlation coefficients was conducted for AUC into 
normally distributed Z with 95% CI to evaluate the effect size and test for the heterogeneity. 
Where applicable, narrative synthesis was conducted. 

Patient and public involvement:
Patients or the public were not involved in the design, or conduct, or reporting, or dissemination 
plans of our research
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Box 1. Definitions:

Universal EWS: EWS that are globally adopted and applicable in every setting and for any 
disease sub-group.
Standardised EWS: EWS model with a set of parameters used in a unified approach to predict 
deterioration in any patient subgroup (8,23)
External validation: evaluation of the model’s predictive accuracy with data different than 
the one sued for model development. (27)
Internal validation: evaluation of a model’s predictive accuracy with the same data set used 
for the development or in a population in which the model is intended for use.(27)
Discrimination: the ability of a model to distinguish between the patients who will develop 
an outcome of interest and the ones who will not(26)
Calibration: The accuracy of risk estimates in relation to the observed number of events 
(34)

Page 6 of 51

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

Results

Study characteristics

Of the 16,181 articles identified by our search, we screened 1,355 articles by title and abstract, 
assessing 770 articles in full for eligibility. We included 103 studies, published between 2006 
and 2019, in the final stage. These studies were predominantly observational (retrospective= 
65, prospective= 36 and RCT=2). Emergency department (ED) (n=48) was the most common 
clinical setting, followed by medical (n = 12), ICU (n = 12), and surgical (n=9) settings. Sepsis 
(n=33) was the commonest disease subgroup. Other subgroups ranged from respiratory (n=8) 
to renal (n=1)(Figures 1 and 2). Mortality was the main studied outcome. Cardiac arrest was 
infrequently studied (n=8). 

Quality assessment

There was a significant risk of bias found in majority of studies (high risk=16; unclear risk=64), 
and low risk in only 28 studies. In terms of applicability, narrow inclusion of conditions in a 
certain disease group was commonly related to risk of bias, while in general settings, biases 
were often due to low sample size or unspecified timing of EWS assessment. There was a wide 
variation in sample size (median: 551 and range: 43 - 920029). There was variation in defining 
study population by number of patients, hospital admissions or not specifying the particular 
study sample. Almost half of the studies (n=49; 48%) validated in <500 patients with either 
multiple observations or a single observation set (Tables 1 and 2). External validation was 
more common (n = 83) than internal validation (n = 18) and two studies included internal and 
external validation(Table S1).

EWS validation in patient subgroups

- Subgroups and EWS 

In the studies validating EWS, there was heterogeneity in subgroup definitions, models, and 
methods of predictive accuracy. There was overlap between diseases and settings commonly 
between studies of patients with infections receiving care in ED(35–37) and patients with 
sepsis admitted to ICU (38,39). EWS models that were integrated with electronic health records 
(EHR) were examined in recent studies (n = 9). Research on datasets utilising EWS-embedded 
EHRs had larger sample sizes, ranging from 504(40) to 13,014 patients(41)(Tables 1 and 2), 
with moderate to high predictive ability(AUC: 0.65–0.85). Several studies included 
comparison between different EWS in the same cohort(n=21)(36,39,42)(Table S2).

- Methodology

There was significant heterogeneity in methods across studies. The majority of studies were 
observational. Evaluation of predictive accuracy of different EWS in the same study  was 
common(22,43–45). To measure accuracy of EWS, AUC was most commonly used(n=94), 
especially when comparing different EWS in the same study(22,46). Presentation of results 
was variable; for example, confidence intervals were missing in many studies. Other measures, 
such as analysing sensitivity and specificity, prognostic index and odds ratios, were found in 
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only eight studies (Tables 1 and 2). Consequently, it was only feasible to analyse predictive 
accuracy in studies where AUC was the selected measure.

Timing from EWS assessment to endpoints was variable. Many studies included (n = 43) AUC 
within 24 to 48 hours, while 11 studies had endpoints more than 48 hours after EWS. However, 
the majority (n=65; 63%) did not specify time horizon or in-hospital outcome.  

- Predictive performance of EWS 

Outcomes were most commonly mortality, transfer to ICU, developing sepsis (in patients with 
infections), and cardiac arrest. Few studies examined other outcomes, e.g. respiratory arrest (n 
= 1) and organ failure (n = 4). Mortality, ICU admission and cardiac arrest were best predicted 
in medical (AUC mean: 0.74, 0.75 and 0.74)(47–49) and surgical settings (0.80, 0.79 and 
0.75)(50,51), and respiratory diseases (0.75, 0.80 and 0.75) respectively. EWS prediction of 
sepsis had reasonable predictive performance in all subgroups (AUC: 0.71–0.79), and 
infectious diseases in particular (AUC: 0.79). Certain outcomes related to specific disease 
groups were not studied, e.g. cardiac arrest was not studied in cardiac patients(22); respiratory 
arrest was not tested in respiratory patients(47-53). 

The best predictive performance was found in studies examining cardiac(47), stroke(47,54) 
and renal(47) diseases (AUC: 0.93, 0.88 and 0.87 respectively). In  emergency settings, 
predictive accuracy was variable (AUC: 0.56–0.91)(55–59). In haematology and oncology 
diseases, EWS predictive accuracy was suboptimal in mortality(Figure S1), cardiac arrest and 
ICU transfer (AUC: 0.52-0.69; Figures 3 and 4)(60–62). EWS prediction of ICU transfer was 
reasonable in ED(58,63), infectious diseases (64,65), and where both groups overlap(43,66), 
but not in gastroenterology and haematology(AUC: 0.64 and 0.60) (61,67)(Figure S2). Cardiac 
arrest was the least examined outcome among the three endpoints (n=8) and unstudied in 
cardiac diseases. (Figures 3, 4 and S3) 

For mortality prediction, meta-analysis of included EWS showed high degree of statistical 
heterogeneity across all subgroups (I2 = 72% -99%)(Figure 5). In validation studies of NEWS 
in different disease subgroups, there was also significant heterogeneity (I2= 99%; Figure 6).  
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Discussion 

In this comprehensive review of Universal EWS across all diseases and settings, we had three 
main findings. First, EWS studies in different diseases and clinical settings were 
heterogeneous in methodology, predictive performance measures, and number of studies in 
each subgroup. Second, validation of EWS is limited in specialised settings, including cardiac 
disease. Third, despite widespread EHR and EWS integration, few studies have explored 
EHR-based EWS.

Inconsistency in evaluation and the lack of high-quality validation makes the evidence of 
validity questionable, ultimately affects how EWS can and should be used in clinical practice 
as a risk score for deterioration prediction. Heterogeneity across studies in all subgroup’s 
challenges implementation of EWS in all diseases and all settings. In methodology, 
observations selections method, time horizon between EWS score and event, and the metric 
used in assessment were inconsistent. Choosing multiple observations or a single observation  
prior the outcome may not significantly affect the ranking of EWS (68). Yet, selecting a 
single observation is generally associated with high AUC compared to multiple 
observations(47,68), supporting the use of multiple observations for each episode. Moreover, 
AUC, the most commonly used measure of predictive performance, has limitations and other 
metrics, including positive predictive value, should also be assessed(69). 
Recording observations at an agreed threshold point before events in a standardised method is 
necessary to evaluate EWS effectively. 

The Universal EWS with standardised models were primarily designed for general patient 
populations in wards and emergency departments and remain under-evaluated in specific 
diseases and settings. In medical and ED contexts, EWS perform well, suggesting the role of 
EWS in general settings, or at the early stage of clinical assessment. Our positive findings in 
respiratory disease may indicate the emphasis of several EWS, such as NEWS2, on 
respiratory changes when patients are deteriorating. Specific disease areas may show unique 
alarm signs when critical events are anticipated, which may not be captured by universal 
EWS, such as NEWS2, where prediction of deterioration is based on pre-defined thresholds 
in all patients(23). Critical events are commonly associated with CVD. With CVD being a 
leading cause of mortality globally, and the significant impact of morbidity on health and 
social care, early detection of deterioration is necessary(70). However, EWS are poorly 
validated in CVD, some of the parameters may not be applicable, and EWS may be 
unrepresentative(25). A recent study of  NEWS2 in patients with coronavirus infection found 
poor performance in severity prediction (71), despite pre-existing conditions being common 
and predictive in patients with severe outcomes. EWS may need to take account of disease-
specific risk factors and comorbidities. 

Widespread uptake of EHR and digitisation of patient observations are expected to contribute 
to efficient use of EWS, by reducing human errors in documentation and calculation, as well 
as delays in escalation of care. However, relatively few studies have considered EHR-based 
EWS, and those studies have not analysed whether predictive performance of EWS is related 
to EHR use, diseases or settings. Investigating implementation and adoption of EWS is 
necessary to understand the application and performance of EWS. Predictive algorithms 
derived by machine learning have been successfully used in developing and validating EWS 
(42,72), but will require robust evaluation. Studying the implementation process of EWS 
within EHR will provide opportunities for qualitative and quantitative insights into escalation 
of care, as well as facilitators and barriers to use of EWS in routine practice.
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There are several limitations in this review and in included studies. We aimed for a 
comprehensive investigation of all EWS developing since 1997, but this long study period 
may lead to bias in comparing studies with old and new validation approaches statistically 
and technically. We excluded EWS specifically derived and validated for particular disease 
populations or settings, and excluded studies considering a general patient population. Meta-
analysis was only done for studies using AUC, excluding other methods for assessing 
performance of EWS. The distinction between general patient settings and specific disease or 
patient subgroups is dependent on hospital, healthcare system and country, and there is 
inevitably overlap between patients and settings at different stages in patient pathways. It was 
only feasible to include studies with a clear disease or setting identified to avoid confusion. 

Validation of EWS in disease subgroups should consider similarities and differences across 
diseases, sample size, and include measures of model discrimination and calibration. Further 
research should adhere to established guidelines on clinical outcomes and predictive clinical 
scoring for decision-making, such as the PROGRESS framework (73). 

Conclusion 

Universal Early warning scores in specific disease subgroups and settings require further 
validation of their performance in detecting worsening outcomes. Despite good performance 
in respiratory patients and medical and surgical settings in studies to-date, the predictive 
accuracy of EWS in all disease subgroups and all clinical settings remains unknown. The 
current evidence base does not necessarily support use of standard EWS in all patients in all 
settings. Future research should include validation of EWS in particular patient subgroups 
and settings, with standardised methodology following established guidelines. Going toward 
the utilisation of EHR for EWS development, validation and implementation within EHR 
should be considered for improved early warning score systems. 
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Tables and Figures and Legends.

Figure 1. Search strategy and included studies regarding universal early warning scores in different 
disease subgroups and clinical settings.

Figure 2.  Number of studies regarding performance of early warning scores in different disease 
subgroups and clinical settings.

Figure 2 Legend: Each bubble represents the disease subgroup and/or setting where different early 
warning scores were examined. The size of the bubble represents the number of studies (n); 
and overlapping bubbles show studies where disease subgroup and settings overlap. 
Abbreviations: CVD: Cardiovascular Diseases; ED: Emergency Department; GI: Gastro 
Intestinal Diseases; ICU: Intensive Care Unit.

Figure 3. Early warning score performance in different disease subgroups.
Figure 3 Legend: Each bubble represents critical events predicted by early warning scores for each 

disease subgroup with average AUC of studies beside each event type. The size of the bubble 
represents the number of studies in each subgroup. Abbreviations: CA: cardiac arrest; CVD: 
cardiovascular diseases; GI: Gastro Intestinal Diseases; ICU: Transfer to Intensive Care Unit; 
OF: Organ Failure; RA: Respiratory Arrest.

Figure 4. Early warning score performance in different clinical settings.
Figure 4 Legend: Each bubble represents critical events predicted by early warning scores for each 

disease subgroup with average AUC of studies beside each event type. The size of the bubble 
represents the number of studies in each subgroup. Abbreviations: ED: Emergency 
Department; ICU: Intensive Care Units; OF: organ failure; CA: Cardiac Arrest; ICU: Transfer 
to Intensive Care Units; RA: Respiratory Arrest.

Figure 5: Forest plot of predictive accuracy of universal early warning scores for mortality in different 
disease subgroups and clinical settings.

Figure 5 Legend: Abbreviations: Med: medical settings, Surg: surgical settings, ED: Emergency 
Department, ICU: Intensive Care Units, Infec: Infectious Diseases, Resp: Respiratory 
Diseases, Onco: Oncology diseases, Stroke: Patients with stroke, Renal: Renal diseases, Hem: 
Haematological diseases, GI: Gastro Intestinal diseases, CVD: Cardiovascular Diseases. Note: 
number following Author(s) and year indicate more than one EWS evaluated in the study.

Figure 6: Forest plot of predictive accuracy of NEWS for mortality.

Table 1. Characteristics of included studies of predictive performance for early warning scores in 
patient subgroups and settings.

Table 1 Legend: Studies are ranked according to sample size from largest to smallest in each 
subgroup. Abbreviations: 
Subgroup: CVD: Cardiovascular Disease, ED: Emergency Department; GI: Gastrointestinal 
diseases; ICU: Intensive Care Unit.
EWS: Early warning score; VIEWS: Vital pack Early Warning Score, MEWS: Modified Early 
Warning Score; EWS: Early Warning Score; NEWS: National Early Warning Score; HOTEL: 
Hypotension, Oxygen saturation, Temperature, ECG abnormality, Loss of independence score; 
Worthing: Worthing physiological scoring system; TREWS: Triage in Emergency department Early 
Warning Score; SOS: Search Out Severity score, HEWS: Hamilton early warning score.
EHR: Electronic Health Records. 
Predictive measure: AUC: Area Under the Curve; Sens & Spec: Sensitivity and Specificity; OR: Odds 
Ratio. 
Outcomes: ICU: transfer to Intensive Care Unit; CA: Cardiac Arrest; RA: Respiratory Arrest. 
Note: Black dots in the subgroup column represent the disease or the settings where the sample was 
studied and brown dots in the study by Kellet (2012) represent different samples for each subgroup. 
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Table 2. Characteristics of included studies of predictive performance for early warning scores 
in clinical settings.

Table 2 Legend: Studies are ranked according to sample size from largest to smallest in each 
subgroup. 
Abbreviations: 
Subgroup: CVD: Cardiovascular Disease, ED: Emergency Department; GI: Gastrointestinal 
diseases; ICU: Intensive Care Unit.
EWS: Early warning score; VIEWS: Vital pack Early Warning Score, MEWS: Modified Early 
Warning Score; EWS: Early Warning Score; NEWS: National Early Warning Score; HOTEL: 
Hypotension, Oxygen saturation, Temperature, ECG abnormality, Loss of independence score; 
Worthing: Worthing physiological scoring system; TREWS: Triage in Emergency department Early 
Warning Score; SOS: Search Out Severity score, HEWS: Hamilton early warning score.
EHR: Electronic Health Records. 
Predictive measure: AUC: Area Under the Curve; Sens and Spec: Sensitivity and Specificity; OR: 
Odds Ratio. 
Outcomes: ICU: transfer to Intensive Care Unit; CA: Cardiac Arrest; RA: Respiratory Arrest. 

Page 16 of 51

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

Table 1. Characteristics of included studies of predictive performance for early warning scores in patient subgroups and settings. 

Subgroups Settings Study design EWS Outcomes studied
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Kellett, 2012 Canada ● ○ ○ ● ● ● ○ ○ ● ○ ● ● ● ○ ○ ○ 10007 ✗ ● ○ ○ ○ ○ ○ ○ ○ ○ ○     AUC ✓ ✗ ✗ ✗ ✗

Kim, 2017 Korea ○ ● ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ● ○ ○ ○ 2172 ✓ ● ○ ○ ○ ○ ○ ○ ○ ○ ○ AUC ✗ ✓ ✗ ✗ ✗

Bozkurt, 2015 Turkey ○ ● ○ ○ ○ ○ ○ ○ ○ ○ ○ ○  ○ ● ○ ○ 202 ✗ ○ ● ○ ○ ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗

Seak, 2017 Taiwan ○ ● ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ● ○ ○ ○ 66 ✗ ○ ● ○ ○ ○ ○ ○ ○ ○ ○ AUC ✓ ✓ ✗ ✗ ✗

Hu, 2016 USA ○ ○ ● ○ ○ ● ○ ○ ○ ○ ○ ○ ● ○ ○ ○ 565 ✓ ○ ○ ● ○ ○ ○ ○ ○ ○ ○ AUC ✓ ✓ ✓ ✗ ✗

Liljehult, 2016 Denmark ○ ○ ○ ○ ● ○ ○ ○ ○ ○ ○ ○ ● ○ ○ ○ 274 ✗ ○ ○ ● ○ ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗

Mulligan,2010 UK ○ ○ ● ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ● ○ ○ 71 ✗ ○ ○ ● ○ ○ ○ ○ ○ ○ ○ AUC ✓ ✓ ✗ ✗ ✗
Cooksley, 

2012 UK ○ ○ ○ ○ ○ ● ○ ○ ○ ○ ○ ○ ● ○ ○ ○ 840 ✗ ○ ● ○ ● ○ ○ ○ ○ ○ ○ AUC ✓ ✓ ✓ ✗ ✗
Vaughn, 2018 USA ○ ○ ○ ○ ○ ● ○ ○ ○ ○ ○ ○ ● ○ ○ ○ 504 ✓ ○ ● ○ ○ ○ ○ ○ ○ ○ ○ AUC ✓ ✓ ✗ ✗ ✗

Young, 2014 USA ○ ○ ● ○ ○ ● ○ ○ ○ ○ ○ ○ ● ○ ○ ○ 61 ✗ ○ ● ○ ○ ○ ○ ○ ○ ○ ○

Sens 
& 

Spec ✓ ✗ ✗ ✗ ✗
Von, 2007 UK ○ ○ ○ ○ ○ ● ○ ○ ○ ○ ○ ○ ● ○ ○ ○ 43 ✗ ○ ● ○ ○ ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗
Pedersen, 

2018 Denmark ○ ○ ○ ○ ○ ○ ● ○ ○ ○ ○ ○ ● ○ ○ ○ 11266 ✓ ○ ○ ○ ● ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗

Forster, 2018 UK ○ ○ ○ ○ ○ ○ ● ○ ○ ○ ○ ○ ● ○ ○ ○ 8812 ✓ ○ ○ ○ ● ○ ○ ○ ○ ○ ○

Sens 
& 

Spec ✓ ✗ ✗ ✗ ✗
Pimentel, 

2018 UK ○ ○ ○ ○ ○ ○ ● ○ ○ ○ ○ ○ ● ○ ○ ○ 1394 ✓ ○ ○ ○ ● ● ○ ○ ○ ○ ○ AUC ✓ ✓ ✓ ✗ ✗

Sbiti-rohr, 
2016 Switzerland ○ ○ ○ ○ ○ ○ ● ○ ○ ● ○ ○ ○ ○ ● ○ 925 ✗ ○ ○ ○ ● ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗

Brabrand, 
2017 Denmark ○ ○ ○ ○ ○ ○ ● ○ ○ ○ ○ ● ○ ● ○ ○ 570 ✗ ○ ○ ○ ● ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗

Jo, 2016 Korea ○ ○ ○ ○ ○ ○ ● ○ ○ ○ ○ ○ ● ○ ○ ○ 553 ✗ ○ ○ ○ ● ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗
Barlow, 2007 UK ○ ○ ○ ○ ○ ○ ● ○ ○ ○ ○ ○ ○ ● ○ ○ 419 ✗ ○ ○ ● ○ ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗
Bilben, 2016 Norway ○ ○ ○ ○ ○ ○ ● ○ ○ ● ○ ○ ○ ● ○ ○ 246 ✗ ○ ○ ○ ● ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗
Delahanty, 

2019 USA ○ ○ ○ ○ ○ ○ ○ ● ○ ● ○ ○ ● ○ ○ ○ 920026 ✗ ○ ● ○ ● ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✓
Redfern, 2018 UK ○ ○ ○ ○ ○ ○ ○ ● ○ ○ ○ ○ ● ○ ○ ○ 241996 ✗ ○ ○ ○ ● ○ ○ ○ ○ ○ ○ AUC ✓ ✓ ✗ ✗ ✗

Churpek, 
Sokol 2017 USA ○ ○ ○ ○ ○ ○ ○ ● ○ ○ ○ ○ ○ ● ○ ○ 53849 ✗ ○ ● ○ ● ○ ○ ○ ○ ○ ○ AUC ✓ ✓ ✗ ✗ ✗
Faisal, 2019 UK ○ ○ ○ ○ ○ ○ ○ ● ○ ● ○ ○ ● ○ ○ ○ 36161  ○ ○ ○ ● ○ ○ ○ ○ ○ ○ AUC ✗ ✗ ✗ ✗ ✓
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Subgroups Settings Study design EWS Outcomes studied
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Churpek,2017 USA ○ ○ ○ ○ ○ ○ ○ ● ○ ○ ○ ○ ○ ● ○ ○ 18523 ✗ ○ ● ○ ● ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗
Henry, 2015 USA ○ ○ ○ ○ ○ ○ ○ ● ● ○ ○ ○ ● ○ ○ ○ 13014 ✓ ○ ● ○ ○ ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗
Brink,2019 Netherlands ○ ○ ○ ○ ○ ○ ○ ● ○ ● ○ ○ ● ○ ○ ○ 8204 ✗ ○ ○ ○ ● ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗
De Groot, 

2017
Netherlands ○ ○ ○ ○ ○ ○ ○ ● ○ ● ○ ○ ○ ● ○ ○ 2280 ✗ ○ ● ○ ● ○ ○ ○ ○ ○ ○ AUC ✓ ✓ ✗ ✗ ✗

Corfield, 2014 UK ○ ○ ○ ○ ○ ○ ○ ● ○ ● ○ ○ ● ○ ○ ○ 2003 ✗ ○ ○ ○ ● ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗
Goulden, 2018 UK ○ ○ ○ ○ ○ ○ ○ ● ○ ● ○ ○ ● ○ ○ ○ 1818 ✓ ○ ○ ○ ● ○ ○ ○ ○ ○ ○ AUC ✓ ✓ ✗ ✗ ✗
Khwannimit, 

2019
Thailand ○ ○ ○ ○ ○ ○ ○ ● ● ○ ○ ○ ● ○ ○ ○ 1589 ✗ ○ ● ○ ● ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗

Ghanem, 2011 Israel ○ ○ ○ ○ ○ ○ ○ ● ○ ○ ○ ○  ○ ● ○ ○ 1072 ✗ ○ ● ○ ○ ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗
Saeed, 2019 UK, France, 

Italy, 
Sweden & 
Spain

○ ○ ○ ○ ○ ○ ○ ● ○ ● ○ ○ ● ○ ○ ○ 1058 ✗ ○ ○ ○ ● ○ ○ ○ ○ ○ ○ AUC ✓ ✓ ✗ ✗ ✗

Innocenti, 
2018

Italy ○ ○ ○ ○ ○ ○ ○ ● ○ ○ ○ ○ ● ○ ○ ○ 742 ✗ ○ ● ○ ● ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗

Camm, 2018 UK ○ ○ ○ ○ ○ ○ ○ ● ○ ● ○ ○ ● ○ ○ ○ 533 ✗ ○ ○ ○ ● ○ ○ ○ ○ ○ ○ Sens &Spec ✓ ✓ ✗ ✗ ✗
Tirotta, 2017 Italy ○ ○ ○ ○ ○ ○ ○ ● ○ ○ ○ ○ ○ ● ○ ○ 526 ✗ ○ ● ○ ● ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗
Pong, 2019 Malaysia ○ ○ ○ ○ ○ ○ ○ ● ○ ● ○ ○ ● ○ ○ ○ 364 ✗ ○ ● ○ ● ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗
Prabhakar, 

2019
Malaysia ○ ○ ○ ○ ○ ○ ○ ● ○ ● ○ ○ ● ○ ○ ○ 343 ✗ ○ ● ○ ● ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗

Martino, 2018 Italy ○ ○ ○ ○ ○ ○ ○ ● ○ ● ○ ○ ● ○ ○ ○ 310 ✗ ○ ● ○ ○ ○ ○ ○ ○ ○ ○ AUC ✓ ✓ ✗ ✗ ✗
Vorwerk, 2009 UK ○ ○ ○ ○ ○ ○ ○ ● ○ ● ○ ○ ● ○ ○ ○ 308 ✗ ○ ● ○ ○ ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗

Qin, 2017 China ○ ○ ○ ○ ○ ○ ○ ● ○ ● ○ ○ ● ○ ○ ○ 292 ✗ ○ ● ○ ○ ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗
Schmedding, 

2019
Gabon ○ ○ ○ ○ ○ ○ ○ ● ○ ● ○ ○ ○ ● ○ ○ 277 ✗ ○ ● ○ ○ ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗

Albur, 2016 UK ○ ○ ○ ○ ○ ○ ○ ● ○ ○ ○ ○ ○ ● ○ ○ 245 ✗ ○ ○ ● ○ ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗
Cildir, 2013 Turkey ○ ○ ○ ○ ○ ○ ○ ● ○ ● ○ ○ ○ ● ○ ○ 230 ✗ ○ ● ○ ○ ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗
Chiew, 2019 Malaysia ○ ○ ○ ○ ○ ○ ○ ● ○ ● ○ ○ ● ○ ○ ○ 214 ✗ ○ ● ○ ● ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗
Samsudin, 

2018 
Malaysia ○ ○ ○ ○ ○ ○ ○ ● ○ ● ○ ○ ● ○ ○ ○ 214 ✗ ○ ● ○ ● ○ ○ ○ ○ ○ ○ AUC ✓ ✓ ✗ ✗ ✗

Chang, 2018 China ○ ○ ○ ○ ○ ○ ○ ● ○ ● ○ ○ ● ○ ○ ○ 152 ✗ ○ ● ○ ○ ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗
Geier, 2013 Germany ○ ○ ○ ○ ○ ○ ○ ● ○ ● ○ ○ ○ ● ○ ○ 151 ✗ ○ ● ○ ○ ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✓

Asiimwe, 2015 Uganda ○ ○ ○ ○ ○ ○ ○ ● ○ ○ ○ ○ ○ ● ○ ○ 150 ✗ ○ ● ○ ○ ○ ○ ○ ○ ○ ○ Prognostic 
index

✓ ✗ ✗ ✗ ✗

Hung, 2017 Taiwan ○ ○ ○ ○ ○ ○ ○ ● ○ ● ○ ○ ● ○ ○ ○ 114 ✗ ○ ● ○ ○ ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗
Garcea, 2006 UK ○ ○ ○ ○ ○ ○ ○ ● ○ ○ ○ ○ ● ○ ○ ○ 110 ✗ ○ ○ ● ○ ○ ○ ○ ○ ○ ○ AUC ✓ ✓ ✗ ✗ ✗

Yoo, 2015 Korea ○ ○ ○ ○ ○ ○ ○ ● ○ ○ ○ ○ ● ○ ○ ○ 100 ✗ ○ ● ○ ○ ○ ○ ○ ○ ○ ○ OR ✓ ✓ ✗ ✗ ✗
Siddiqui,2017 Malaysia ○ ○ ○ ○ ○ ○ ○ ● ● ○ ○ ○ ● ○ ○ ○ 58 ✗ ○ ○ ● ○ ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗
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Studies are ranked according to sample size from largest to smallest in each subgroup. Abbreviations: 
Subgroup: CVD: Cardiovascular Disease, ED: Emergency Department; GI: Gastrointestinal diseases; ICU: Intensive Care Unit.
EWS: Early warning score; VIEWS: Vital pack Early Warning Score, MEWS: Modified Early Warning Score; EWS: Early Warning Score; NEWS: National 
Early Warning Score; HOTEL: Hypotension, Oxygen saturation, Temperature, ECG abnormality, Loss of independence score; Worthing: Worthing 
physiological scoring system; TREWS: Triage in Emergency department Early Warning Score; SOS: Search Out Severity score, HEWS: Hamilton early 
warning score.
EHR: Electronic Health Records. 
Predictive measure: AUC: Area Under the Curve; Sens & Spec: Sensitivity and Specificity; OR: Odds Ratio. 
Outcomes: ICU: transfer to Intensive Care Unit; CA: Cardiac Arrest; RA: Respiratory Arrest. 
Note: Black dots in the subgroup column represent the disease or the settings where the sample was studied and brown dots in the study by Kellet (2012) 
represent different samples for each subgroup. 
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Table 2. Characteristics of included studies of predictive performance for early warning scores in clinical settings.

Settings Study design EWS Outcomes studied

Author, year Country 
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Calvert 2016 Israel ● ○ ○ ○ ● ○ ○ ○ 29083 ✗ ○ ● ○ ○ ○ ○ ○ ○ ○ ○ AUC ✗ ✗ ✗ ✗ ✓
Awad, 2017 UK ● ○ ○ ○ ● ○ ○ ○ 11722 ✗ ○ ○ ○ ● ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗
Reini, 2012 Sweden ● ○ ○ ○ ○ ● ○ ○ 518 ✗ ○ ● ○ ○ ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗
Chen, 2019 Taiwan ● ○ ○ ○ ● ○ ○ ○ 370 ✗ ○ ○ ○ ● ○ ○ ○ ○ ○ ○ AUC ✗ ✗ ✗ ✓ ✗
Baker, 2015 Tanzania ● ○ ○ ○ ○ ● ○ ○ 269 ✗ ○ ○ ○ ● ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗
Gök, 2019 Turkey ● ○ ○ ○ ● ○ ○ ○ 250 ✗ ○ ● ○ ○ ○ ○ ○ ○ ○ ○ AUC ✗ ✗ ✗ ✗ ✓

Moseson, 2014 USA ● ○ ○ ○ ○ ● ○ ○ 227 ✗ ○ ● ○ ○ ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗
Jo, 2013 South Korea ● ○ ○ ○ ● ○ ○ ○ 151 ✗ ● ● ○ ○ ○ ○ ○ ● ○ ○ AUC ✓ ✗ ✗ ✗ ✗

Kown, 2018 Korea ○ ● ○ ○ ● ○ ○ ○ 1986334 ✗ ○ ● ○ ○ ○ ○ ○ ○ ○ ○ AUC ✓ ✓ ✗ ✗ ✗
Usman, 2019 USA ○ ● ○ ○ ● ○ ○ ○ 115734 ✗ ○ ● ○ ● ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✓

Jang, 2019 Korea ○ ● ○ ○ ● ○ ○ ○ 56368 ✗ ○ ● ○ ○ ○ ○ ○ ○ ○ ○ AUC ✗ ✗ ✓ ✗ ✗
Wei, 2019 China ○ ● ○ ○ ● ○ ○ ○ 39977 ✗ ○ ● ○ ○ ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗
Lee, 2019 Korea ○ ● ○ ○ ● ○ ○ ○ 27173 ✗ ○ ● ○ ● ○ ○ ○ ○ ● ○ AUC ✓ ✗ ✗ ✗ ✗

Singer, 2017 USA ○ ● ○ ○ ● ○ ○ ○ 22530 ✗ ○ ● ○ ○ ○ ○ ○ ○ ○ ○ AUC ✓ ✓ ✗ ✗ ✗
Eick, 2015 Germany ○ ● ○ ○ ○ ● ○ ○ 5730 ✗ ○ ● ○ ○ ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗

Bulut, 2014 Turkey ○ ● ○ ○ ○ ● ○ ○ 2000 ✗ ○ ● ○ ○ ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗
Kivipuro, 2018 Finland ○ ● ○ ○ ○ ● ○ ○ 1354 ✗ ○ ○ ○ ● ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗
Eckart, 2019 USA ○ ● ○ ○ ● ○ ○ ○ 1303 ✗ ○ ○ ○ ● ○ ○ ○ ○ ○ ○ AUC ✓ ✓ ✗ ✗ ✗

Ho, 2013 Malaysia ○ ● ○ ○ ● ○ ○ ○ 1024 ✗ ○ ● ○ ○ ○ ○ ○ ○ ○ ○ AUC ✗ ✓ ✗ ✗ ✗
Skitch, 2018 Canada ○ ● ○ ○ ● ○ ○ ○ 845 ✗ ○ ○ ○ ● ○ ○ ○ ○ ○ ● AUC ✗ ✗ ✗ ✗ ✓

Liu, 2014 Malaysia ○ ● ○ ○ ○ ● ○ ○ 702 ✗ ○ ● ○ ○ ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✓ ✗ ✗
Dundar, 2016 Turkey ○ ● ○ ○ ○ ● ○ ○ 671 ✗ ● ● ○ ○ ○ ○ ○ ○ ○ ○ AUC ✓ ✓ ✗ ✗ ✗
Yuan., 2018 China ○ ● ○ ○ ○ ● ○ ○ 621 ✗ ○ ● ○ ● ○ ○ ○ ○ ○ ○ AUC ✓ ✓ ✗ ✗ ✗

Naidoo, 2014 South Africa ○ ● ○ ○ ● ○ ○ ○ 590 ✗ ○ ○ ○ ○ ○ ○ ○ ○ ●  ○ Sens & Spec ✓ ✗ ✗ ✗ ✗
Liu F.Y, 2015 China ○ ● ○ ○ ○ ● ○ ○ 551 ✗ ○ ● ○ ● ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗

So, 2015 China ○ ● ○ ○ ○ ● ○ ○ 544 ✗ ○ ● ○ ○ ○ ○ ○ ○ ○ ○ Sens & Spec ✓ ✗ ✗ ✗ ✗
Dundar, 2019 Turkey ○ ● ○ ○ ● ○ ○ ○ 455 ✗ ○ ○ ○ ● ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗

Lam, 2006 China ○ ● ○ ○ ○ ● ○ ○ 425 ✗ ○ ● ○ ○ ○ ○ ○ ○ ○ ○ AUC ✓ ✓ ✗ ✗ ✗
Xie, 2018 China ○ ● ○ ○ ○ ● ○ ○ 383 ✗ ○ ● ○ ○ ○ ○ ○ ○ ○ ○ AUC ✓ ✓ ✗ ✗ ✗

Cattermole, 2009 China ○ ● ○ ○ ○ ● ○ ○ 330 ✗ ○ ● ○ ○ ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗
Heitz, 2010 USA ○ ● ○ ○ ● ○ ○ ○ 280 ✗ ○ ● ○ ○ ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗

Sirivilaithon, 2019 Thailand ○ ● ○ ○ ○ ○ ○ ● 250 ✗ ○ ○ ○ ● ○ ○ ○ ○ ○ ○ AUC ✗ ✗ ✗ ✗ ✗
Cattermole, 2014 China ○ ● ○ ○ ○ ● ○ ○ 230 ✗ ○ ● ○ ● ○ ○ ● ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗

Najafi, 2018 Iran ○ ● ○ ○ ○ ● ○ ○ 185 ✗ ○ ○ ○ ● ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗
Bartkowiak, 2019 USA ○ ○ ● ○ ● ○ ○ ○ 32537 ✗ ○ ● ○ ● ○ ○ ○ ○ ○ ○ AUC ✓ ✓ ✓ ✗ ✗

Kovacs, 2016 UK ○ ○ ● ● ● ○ ○ ○ 20626 ✗ ○ ○ ○ ● ○ ○ ○ ○ ○ ○ AUC ✓ ✓ ✓ ✗ ✗
Plate, 2018 Netherlands ○ ○ ● ○ ○ ● ○ ○ 1782 ✗ ● ○ ○ ○ ○ ○ ○ ○ ○ ○ AUC ✓ ✓ ✗ ✗ ✗

Sarani, 2012 Netherlands ○ ○ ● ○ ○ ● ○ ○ 572 ✗ ○ ● ○ ○ ○ ○ ○ ○ ○ ○ Sens & Spec ✓ ✓ ✗ ✗ ✗
Hollis, 2016 USA ○ ○ ● ○ ● ○ ○ ○ 522 ✗ ○ ○ ● ○ ○ ○ ○ ○ ○ ○ AUC ✓ ✓ ✗ ✗ ✗
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Studies are ranked according to sample size from largest to smallest in each subgroup. 
Abbreviations: 
Subgroup: CVD: Cardiovascular Disease, ED: Emergency Department; GI: Gastrointestinal diseases; ICU: Intensive Care Unit.
EWS: Early warning score; VIEWS: Vital pack Early Warning Score, MEWS: Modified Early Warning Score; EWS: Early Warning Score; NEWS: National 
Early Warning Score; HOTEL: Hypotension, Oxygen saturation, Temperature, ECG abnormality, Loss of independence score; Worthing: Worthing 
physiological scoring system; TREWS: Triage in Emergency department Early Warning Score; SOS: Search Out Severity score, HEWS: Hamilton early 
warning score.
EHR: Electronic Health Records. 
Predictive measure: AUC: Area Under the Curve; Sens and Spec: Sensitivity and Specificity; OR: Odds Ratio. 
Outcomes: ICU: transfer to Intensive Care Unit; CA: Cardiac Arrest; RA: Respiratory Arrest. 
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Gardner-Thorpe 
2006 UK ○ ○ ● ○ ○ ● ○ ○ 334 ✗ ○ ● ○ ○ ○ ○ ○ ○ ○ ○ Sens & Spec ✓ ✓ ✗ ✗ ✗

Garcea, 2010 UK ○ ○ ● ○ ● ○ ○ ○ 280 ✗ ○ ○ ● ○ ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗
Cuthbertson, 

2007 UK ○ ○ ● ○ ● ○ ○ ○ 136 ✗ ○ ● ● ○ ○ ○ ○ ○ ○ ○ AUC ✗ ✓ ✗ ✗ ✗
Prytherch, 2010 UK ○ ○ ○ ● ● ○ ○ ○ 35585 ✗ ● ○ ○ ○ ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗

Smith, 2013 UK ○ ○ ○ ● ● ○ ○ ○ 35585 ✗ ○ ○ ○ ● ○ ○ ○ ○ ○ ○ AUC ✓ ✓ ✓ ✗ ✗
Rasmussen, 

2018 Denmark ○ ○ ○ ● ● ○ ○ ○ 17312 ✗ ○ ○ ○ ● ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗
Ghosh, 2018 USA ○ ○ ○ ● ● ○ ○ ○ 2097 ✓  ○ ● ○ ● ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗
Duckitt, 2007 UK ○ ○ ○ ● ○ ● ○ ○ 1102 ✗ ○ ○ ● ○ ○ ○ ● ○ ○ ○ AUC ✓ ✓ ✗ ✗ ✗

Colombo, 2017 Italy ○ ○ ○ ● ● ○ ○ ○ 471 ✗ ○ ● ○ ○ ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗
Abbot, 2016 UK ○ ○ ○ ● ○ ● ○ ○ 322 ✗ ○ ○ ○ ● ○ ○ ○ ○ ○ ○ AUC ✓ ✗ ✗ ✗ ✗

Wheeler, 2013 Malawi ○ ○ ○ ● ○ ● ○ ○ 302 ✗ ○ ● ○ ○ ○ ○ ○ ● ○ ○ AUC ✓ ✗ ✗ ✗ ✗
Graziadio, 2019 UK ○ ○ ○ ● ○ ● ○ ○ 292 ✗ ○ ○ ○ ● ○ ○ ○ ○ ○ ○ AUC ✓ ✓ ✗ ✗ ✗
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Figure 1. Search strategy and included studies regarding universal early warning scores in different disease 
subgroups and clinical settings. 
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Figure 2.  Number of studies regarding performance of early warning scores in different disease subgroups 
and clinical settings.

Legend: Each bubble represents the disease subgroup and/or setting where different early warning scores 
were examined. The size of the bubble represents the number of studies (n); and overlapping bubbles show 

studies where disease subgroup and settings overlap. Abbreviations: CVD: Cardiovascular Diseases; ED: 
Emergency Department; GI: Gastro Intestinal Diseases; ICU: Intensive Care Unit. 

115x65mm (144 x 144 DPI) 
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Figure 3. Early warning score performance in different disease subgroups.

Legend: Each bubble represents critical events predicted by early warning scores for each disease subgroup 
with average AUC of studies beside each event type. The size of the bubble represents the number of 
studies in each subgroup. Abbreviations: CA: cardiac arrest; CVD: cardiovascular diseases; GI: Gastro 
Intestinal Diseases; ICU: Transfer to Intensive Care Unit; OF: Organ Failure; RA: Respiratory Arrest. 
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Figure 4. Early warning score performance in different clinical settings.

Legend: Each bubble represents critical events predicted by early warning scores for each disease subgroup 
with average AUC of studies beside each event type. The size of the bubble represents the number of 

studies in each subgroup. Abbreviations: ED: Emergency Department; ICU: Intensive Care Units; OF: organ 
failure; CA: Cardiac Arrest; ICU: Transfer to Intensive Care Units; RA: Respiratory Arrest. 
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Figure 5: Forest plot of predictive accuracy of universal early warning scores for mortality in different 
disease subgroups and clinical settings. 

Legend: Abbreviations: Med: medical settings, Surg: surgical settings, ED: Emergency Department, ICU: 
Intensive Care Units, Infec: Infectious Diseases, Resp: Respiratory Diseases, Onco: Oncology diseases, 

Stroke: Patients with stroke, Renal: Renal diseases, Hem: Haematological diseases, GI: Gastro Intestinal 
diseases, CVD: Cardiovascular Diseases. Note: number following Author(s) and year indicate more than one 

EWS evaluated in the study. 
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Figure 6. Forest plot of predictive accuracy of NEWS for mortality. 
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The performance of early warning scores in different patient subgroups and clinical settings: A 

systematic review. 
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22 Figure S2. Predictive performance of early warning scores for intensive care 
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clinical settings 
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2 

 

Supplementary methods: Search strategy for MEDLINE 
 

1- EWS OR early warning score* OR EARLY WARNING SYSTEM* OR RAPID RESPONSE 

SYSTEM* OR MEWS OR MODIFIED EARLY WARNING SCORE* OR MODIFIED EARLY 

WARNING SYSTEM* OR news OR national early warning score OR news2 OR national early 

warning score 2 OR ( track and trigger system* ) 

2- (MH "Intensive Care Units") 

3- ICU OR intensive care unit* OR CRITICAL CARE UNIT* OR CRITICAL CARE 

4- 2 OR 3 

5- 1 AND 4 

6- (MH "Nervous System Diseases") 

7- neurological disorder* OR neurological disease OR neurological condition* 

8- 6 OR 7 

9- 1 AND 8 

10- MH "Cardiovascular Diseases") OR (MH "Cardiology") 

11- (MH "Thoracic Surgery") 

12- cardiovascular disease* OR cardiovascular disorder* OR heart disease* OR cardiology* OR cardiac 

surgery OR thoracic surgery 

13- 10 OR 11 OR 12  

14- 1 AND 13 

15- (MH "Musculoskeletal Diseases") OR (MH "Orthopedics") 

16- orthopedic disease* OR orthopedic surgery 

17- 15 OR 16 

18- 1 AND 17  

19- (MH "Kidney Diseases, Cystic") OR (MH "Kidney Failure, Chronic") OR (MH "Polycystic Kidney 

Diseases") OR (MH "Renal Insufficiency, Chronic") 

20- renal disease* OR renal failure OR kidney disease* 

21- 19 OR 20  

22- 1 AND 21  

23- (MH "Hematologic Diseases") 

24- hematologic disorder* OR hematologic disease* OR hematology 

25- 23 OR 24  

26- 1 AND 25  

27- (MH "Respiratory Tract Diseases") 

28- respiratory disease* OR respiratory disorder* 

29- 27 OR 28  

30- 1 AND 29  

31- (MH "Gastroenterology") 

32- gastrointestinal disorder* OR gastrointestinal disease* OR gastroenterology OR hepatology  

33- 31 OR 32  

34- 1 AND 33 

35- (MH "Medical Oncology") OR (MH "Surgical Oncology")  

36- oncology OR cancer OR chemotherapy 

37- 35 OR 36  

38- 1 AND 37  

39- (MH "Wounds and Injuries") OR (MH "Emergency Medicine")  

40- emergency department* OR emergency OR emergency room* OR trauma* 

41- 39 OR 40 

42- 1 AND 41 

43- (MH "Sepsis") OR (MH "Infection")  

44- INFECTION* OR INFECTIOUS DISEASE* OR SEPSIS 

45- 43 OR 44 

46- 1 AND 45 

47- (MH "Obstetrics")  

48- (obstetrics and gynecology) OR OBSTETRIC* 

49- 47 OR 48 

50- 1 AND 49 

51- (MH "Allergy and Immunology") 

52- immunological disease* OR immunological disorder* 
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3 

 

53- 51 OR 52 

54- 1 AND 53 

55- (MH "Internal Medicine")  

56- medical ward* 

57- 55 OR 56 

58- 1 AND 57 

59- (MH "General Surgery") 

60- surgical ward* 

61- 59 OR 60 

62- 1 AND 61 

63- 5 OR 9 OR 14 OR 18 OR 22 OR 26 OR 30 OR 34 OR 38 OR 42 OR 46 OR 50 OR 54 OR 58 OR 62  
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Supplementary methods: Search strategy for CINAHL 

 
1- EWS OR early warning score* OR EARLY WARNING SYSTEM* OR RAPID RESPONSE 

SYSTEM* OR MEWS OR MODIFIED EARLY WARNING SCORE* OR MODIFIED EARLY 

WARNING SYSTEM* OR news OR national early warning score OR news2 OR national early 

warning score 2 OR ( track and trigger system* ) 

2- (MH "Intensive Care Units") 

3- ICU OR intensive care unit* OR CRITICAL CARE UNIT* OR CRITICAL CARE 

4- 2 OR 3 

5- 1 AND 4 

6- (MH "Nervous System Diseases")  

7- neurological disorder* OR neurological disease OR neurological condition*  

8- 6 OR 7 

9- 1 AND 8  

10- (MH "Heart Diseases") OR (MH "Cardiovascular Diseases") 

11-  (MH "Heart Surgery") 

12- cardiovascular disease* OR cardiovascular disorder* OR heart disease* OR cardiology* OR cardiac 

surgery OR thoracic surgery 

13- 10 OR 11 OR 12 

14- 1 AND 13 

15- (MH "Orthopedic Surgery") OR (MH "Musculoskeletal Diseases") 

16- orthopedic disease* OR orthopedic surgery 

17- 15 OR 16 

18- 1 AND 17 

19- (MH "Kidney, Cystic") OR (MH "Kidney Diseases")  

20- renal disease* OR renal failure OR kidney disease*  

21- 19 OR 20 

22- 1 AND 21 

23- (MH "Hematologic Diseases") 

24- (MH "Lymphatic Diseases") 

25- hematologic disorder* OR hematologic disease* OR hematology  

26- 23 OR 24 O 25 

27- 1 AND 26 

28- (MH "Respiratory Tract Diseases") 

29- respiratory disease* OR respiratory disorder* 

30- 28 OR 29 

31- 1 AND 30 

32- (MH "Digestive System Diseases")  

33- gastrointestinal disorder* OR gastrointestinal disease* OR gastroenterology OR hepatology  

34- 32 OR 33  

35- 1 AND 34 

36- (MH "Cancer Patients") OR (MH "Oncology")  

37- oncology OR cancer OR chemotherapy  

38- 36 OR 37 

39- 1 AND 38 

40- (MH "Wounds and Injuries") OR (MH "Trauma") 

41- emergency department* OR emergency OR emergency room* OR trauma* 

42- 40 OR 41 

43- 1 AND 42 

44- (MH "Infection")  

45- INFECTION* OR INFECTIOUS DISEASE* OR SEPSIS 

46- 44 OR 45 

47- 1 AND 46 

48- (MH "Obstetric Emergencies") OR (MH "Obstetric Patients")  

49- ( obstetrics and gynecology ) OR OBSTETRIC* 

50- 48 OR 49 

51- 1 AND 50 

52- (MH "Internal Medicine") 

53- (MH "Allergy and Immunology") 
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54- medical ward 

55- immunological disease* OR immunological disorder* 

56- 52 OR 53 OR 54 OR 55 

57- 1 AND 56 

58-  (MH "Surgical Patients") 

59- surgical ward* 

60- 58 OR 59 

61- 1 AND 60 

62- 5 OR 9 OR 14 OR 18 OR 22 OR 27 OR 31 OR 35 OR 39 OR 43 OR OR 47 OR 51 OR 57 OR 61  
 
 
 
 
 
 

Supplementary methods: Patients’ subgroups  

 

1- Cardiology patients 

2- Neurology patients  

3- Orthopaedic patients 

4- Renal patients 

5- Haematology patients  

6- Respiratory patients  

7- Gastroenterology patients  

8- Oncology patients  

9- Emergency patients 

10- Infection patients  

11- Medical patients  

12- Surgical patients  

13- Intensive care patients 
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Table S1. Risk of bias assessment results 

TOOL  Study  Validation 

Quality 

Risk of 

bias Applicability 

PROBAST  

Kellett, 2012 (S1) External low  low  

Kim, 2017 (S2) External Unclear unclear 

Bozkurt, 2015 (S3) External High high 

Seak, 2017 (S4) External High high 

Hu, 2016 (S5) Internal  Unclear high 

Liljehult, 2016 (S6) External Unclear high 

Mulligan, 2010 (S7) External High high 

Cooksley, 2012 (S8) External Unclear unclear 

Vaughn, 2018 (S9) External High high 

Young, 2014 (S10) External High high 

von Lilienfeld-Toal, 2007 (S11) External Unclear high 

Pedersen, 2018 (S12) External and Internal low  low  

Forster, 2018 (S13) External low  low  

Pimentel, 2018 (S14) External low  unclear 

Sbiti-rohr, 2016 (S15)  Unclear high 

Brabrand, 2017 (S16) External Unclear unclear 

Jo, 2016 (S17) External High high 

Barlow, 2007 (S18) External low  unclear 

Bilben, 2016 (S19) External Unclear unclear 

Delahanty, 2019 (S20) Internal  low  low  

Redfern, 2018 (S21) External low  low  

Churpek, 2017 (S22) External High high 

Faisal, 2019 (S23) External low  low  

Churpek 2017 (S24) External low  low  

Henry, 2015 (S25) Internal  low  low  

Brink 2019 (S26) External Unclear unclear 

de Groot, 2014 (S27) External Unclear unclear 

Corfield, 2014 (S28) External low  low  

Goulden, 2018 (S29) External Unclear unclear 

Khwannimit, 2019 (S30) External Unclear unclear 

Ghanem-Zoubi, 2011 (S31) External Unclear unclear 

Saeed, 2019 (S32) Internal  Unclear unclear 

Innocenti, 2018 (S33) External Unclear unclear 

Camm, 2018 (S34) External Unclear unclear 

Tirotta, 2017 (S35) External Unclear unclear 

Pong, 2019 (S36) Internal  Unclear unclear 

Prabhakar, 2019 (S37) Internal  Unclear unclear 

Martino, 2018 (S38) External Unclear unclear 

Vorwerk, 2009 (S39) External Unclear unclear 

Qin, 2017 (S40) External Unclear unclear 

Schmedding, 2019 (S41) External Unclear unclear 

Albur, 2016 (S42) External Unclear unclear 

Cildir, 2013 (S43) External Unclear unclear 

Chiew, 2019 (S44) External Unclear unclear 
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Samsudin, 2018 (S45) Internal Unclear unclear 

Chang, 2018 (S46) External Unclear high 

Geier, 2013 (S47) External Unclear unclear 

Asiimwe, 2015 (S48) Internal  Unclear unclear 

Hung, 2017 (S49) External Unclear high 

Garcea, 2006 (S50) External Unclear high 

Yoo, 2015 (S51) External Unclear unclear 

Siddiqui, 2017 (S52) External Unclear unclear 

Calvert, 2016 (S53) Internal  low  unclear 

Awad, 2017 (S54) Internal  low  low  

Reini, 2012 (S55) External Unclear unclear 

Chen, 2019 (S56) External Unclear high 

Baker, 2015 (S57) External Unclear unclear 

Gök, 2019 (S58) External low  unclear 

Moseson, 2014 (S59) External Unclear unclear 

Jo, 2013 (S60) External Unclear unclear 

Kwon, 2018 (S61) External and Internal Unclear unclear 

Usman, 2019 (S62) External High high 

Jang, 2019 (S63) Internal  low  low  

Wei, 2019 (S64) External High high 

Lee, 2019 (S65) Internal  low  low  

Singer, 2017 (S66) External Unclear unclear 

Eick, 2015 (S67) External Unclear unclear 

Bulut, 2014 (S68) External Unclear unclear 

Kivipuro, 2018 (S69) External Unclear unclear 

Eckart, 2019 (S70) External Unclear unclear 

Ho, 2013 (S71) External Unclear unclear 

Skitch, 2018 (S72) External Unclear unclear 

Liu, 2014 (S73) Internal  low  unclear 

Dundar, 2016 (S74) External Unclear high 

Yuan, 2018 (S75) External Unclear high 

Naidoo, 2014 (S76) External Unclear unclear 

Liu, 2015 (S77) External low  unclear 

So, 2015 (S78) External Unclear unclear 

Dundar, 2019 (S79) External Unclear high 

Lam, 2006 (S80) External Unclear unclear 

Xie, 2018 (S81) External Unclear unclear 

Cattermole, 2009 (S82) Internal Unclear unclear 

Heitz, 2010 (S83) External High unclear 

Srivilaithon, 2019 (S84) Internal Unclear unclear 

Cattermole, 2014 (S85) External Unclear unclear 

Najafi, 2018 (S86) External Unclear high 

Bartkowiak, 2019 (S87) External Unclear unclear 

Kovacs, 2016 (S88) External low  low  

Plate, 2018 (S89) External low  low  

Sarani, 2012 (S90) External low  low  

Hollis, 2016 (S91) External Unclear unclear 
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Gardner-Thorpe 2006 (S92) External Unclear unclear 

Garcea, 2010 (S93) External High high 

Cuthbertson, 2007 (S94) External High unclear 

Prytherch, 2010 (S95) Internal low  low  

Smith, 2013 (S96) External low  low  

Ramsussen, 2018 (S97) External Unclear unclear 

Ghosh, 2018 (S98) Internal low  low  

Duckitt, 2007 (S99) Internal  low  low  

Colombo, 2017 (S100) External High high 

Abbot, 2016 (S101) External High high 

Wheeler, 2013 (S102) External Unclear unclear 

Graziadio, 2019 (S103) External Unclear unclear 
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Table S2. Early warning scores used in studies of patients’ sub-populations and settings 

  
HR SBP RR Temp APVU/ LOC O2 Sat Supp O2 

Urine 

OP Other  

Kellett, 2012 (S1) VIEWS ✓ ✓ ✓ ✓ ✗ ✓ ✓ ✗ ✗ 

Seak, 2017 (S4) MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗ 

Bozkurt, 2015 (S3) MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗ 

Kim, 2017 (S2) NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗ 

Hu, 2016 (S5) VIEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗ 

Mulligan, 2010 (S7) EWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗ 

Liljehult, 2016 (S6) EWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗ 

Cooksley, 2012 (S8) MEWS ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✓ ✗ 

Cooksley, 2012 (S8) NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗ 

Vaughn, 2018 (S9) MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗ 

Von Lilienfeld-Toal, 2007 

(S11) MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗ 

Young, 2014 (S10) MEWS ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗ ✓ 

Barlow, 2007 (S18) EWS ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✓ ✗ 

Bilben, 2016 (S19) NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗ 

Brabrand, 2017 (S16) NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗ 

Forster, 2018 (S13) NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ 

Jo, 2016 (S16) NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗ 

Pedersen, 2018 (S12) NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗ 

Pimentel, 2018 (S14) NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗ 

Pimentel, 2018 (S14) NEWS2 ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✓ 

Sbiti-rohr, 2016 (S15) NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗ 

Henry, 2015 (S25) MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗ 

Innocenti, 2018 (S33) MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗ 

Garcea, 2006 (S50) EWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✓ ✗ 

Qin, 2017 (S40) MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗ 

Albur, 2016 (S42) EWS ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ 

Asiimwe, 2015 (S48) MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗ 

Brink 2019 (S26) NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗ 

Camm, 2018 (S34) NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗ 

Chang, 2018 (S46) MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗ 

Chiew, 2019 (S44) MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗ 

Chiew, 2019 (S44) NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗ 

Churpek, 2017 (S22) NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗ 

Churpek, 2017 (S22) MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗ 

Churpek, 2017 (S24) NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗ 

Churpek, 2017 (S24) MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗ 
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Cildir, 2013 (S43) MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗ 

Corfield, 2014 (S28) NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗ 

De Groot, 2014 (S27) NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗ 

De Groot, 2014 (S27) MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗ 

Delahanty, 2019 (S20) NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗ 

Delahanty, 2019 (S20) MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗ 

Faisal, 2019 (S23) NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗ 

Geier, 2013 (S47) MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗ 

Ghanem-Zoubi, 2011 (S31)  MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗ 

Goulden, 2018 (S29) NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗ 

Hung, 2017 (S49) MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗ 

Khwannimit, 2019 (S30) NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗ 

Khwannimit, 2019 (S30) SOS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✓ ✗ 

Khwannimit, 2019 (S30) MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗ 

Martino, 2018 (S30) MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗ 

Pong, 2019 (S36) NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗ 

Pong, 2019 (S36) MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗ 

Prabhakar, 2019 (S37) MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗ 

Prabhakar, 2019 (S37) NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗ 

Redfern, 2018 (S21) NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗ 

Saeed, 2019 (S32) NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗ 

Samsudin, 2018 (S45) MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗ 

Samsudin, 2018 (S45) NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗ 

Schmedding, 2019 (S41) MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗ 

Siddiqui, 2017 (S52) EWS ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ 

Tirotta, 2017 (S35) MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗ 

Vorwerk, 2009 (S39) MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗ 

Yoo, 2015 (S51) MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗ 

Awad, 2017 (S54) NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗ 

Baker, 2015 (S57) NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗ 

Calvert 2016 (S53) MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗ 

Gök, 2019 (S58) MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗ 

Chen, 2019 (S56) NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗ 

Jo, 2013 (S60) HOTEL ✗ ✓ ✗ ✓ ✓ ✓ ✗ ✗ ✓ 

Jo, 2013 (S60) VIEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗ 

Moseson, 2014 (S59) MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗ 

Reini, 2012 (S55) MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗ 

Bulut, 2014 (S68) MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗ 

Cattermole, 2009 (S82) MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗ 

Cattermole, 2014 (S85) WORTHING ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ 
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Cattermole, 2014 (S85) NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗ 

Cattermole, 2014 (S85) MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗ 

Heitz, 2010 (S83) MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗ 

Dundar, 2016 (S74) MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗ 

Dundar, 2016 (S74) VIEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗ 

Dundar, 2019 (S79) NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗ 

Eckart, 2019 (S70) NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗ 

Eick, 2015 (S67) MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗ 

Liu, 2015 (S77) NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗ 

Liu, 2015 (S77) MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗ 

Ho, 2013 (S71) MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗ 

Jang, 2019 (S63) MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗ 

Kivipuro, 2018 (S69) NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗ 

Kwon, 2018 (S61) MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗ 

Liu, 2014 (S73) MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗ 

Lee, 2019 (S65) MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗ 

Lee, 2019 (S65) NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗ 

Lee, 2019 (S65) TREWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✓ 

Naidoo, 2014 (S76) TREWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✓ 

Najafi, 2018 (S86) NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗ 

Singer, 2017 (S66) MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗ 

Skitch, 2018 (S72) HEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗ 

Skitch, 2018 (S72) NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗ 

So, 2015 (S78) MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗ 

Srivilaithon, 2019 (S84) NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗ 

Lam, 2006 (S80) MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗ 

Usman, 2019 (S62) NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗ 

Yuan, 2018 (S75) NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗ 

Yuan, 2018 (S75) MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗ 

Wei, 2019 (S64) MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗ 

Xie, 2018 (S81) MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗ 

Bartkowiak, 2019 (S87) NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗ 

Bartkowiak, 2019 (S87) MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✓ ✗ 

Cuthbertson, 2007 (S94) EWS ✓ ✓ ✓ ✓ ✗ ✓ ✗ ✗ ✗ 

Cuthbertson, 2007 (S94) MEWS ✓ ✓ ✓ ✓ ✗ ✓ ✗ ✗ ✗ 

Garcea, 2010 (S50) EWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✓ ✗ 

Gardner-Thorpe 2006 (S92) MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✓ ✗ 

Hollis, 2016 (S91) EWS ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ 

Kovacs, 2016 (S88) NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗ 

Plate, 2018 (S89) VIEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗ 
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Sarani, 2012 (S90) MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗ 

Abbott, 2016 (S101) NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗ 

Duckitt, 2007 (S99) WPC ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ 

Duckitt, 2007 (S99) EWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗ 

Colombo, 2017 (S100) MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗ 

Ghosh, 2018 (S98) NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗ 

Ghosh, 2018 (S98) MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗ 

Graziadio, 2019 (S103) NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗ 

Prytherch, 2010 (S95) VIEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗ 

Ramsussen, 2018 (S97) NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗ 

Smith, 2013 (S96) NEWS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗ 

Wheeler, 2013 (S102) Hotel ✓ ✗ ✓ ✗ ✓ ✓ ✗ ✗ ✓ 

Wheeler, 2013 (S102) MEWS ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗ 

            

Total 133           

Abbreviations: HR: heart rate, SBP: systolic blood pressure, RR: respiratory rate, Temp: 

temperature, AVPU/LOC: alert, verbal response, physical response, unresponsive score or level of 

consciousness, O2 sat: Oxygen saturation, Supp O2: supplemental oxygen, Urine OP: urine output, 

Other: other parameters, i.e., blood biomarkers. VIEWS: Vitalpack early warning score, MEWS: 

modified early warning score, EWS: early warning score, NEWS: national early warning score, 

NEWS2: national early warning score 2, SOS: Search Out Severity score, Worthing: Worthing 

physiological scoring system, HOTEL: Hypotension, Oxygen saturation, Temperature, ECG 

abnormality, Loss of independence score, TREWS: Triage in Emergency department Early Warning 

Score, HEWS: Hamilton early warning score.  
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Figure S1. Predictive performance of early warning scores for mortality in studies from 2005 to 2020 for different disease subgroups and clinical settings 

Abbreviations: AUC: Area Under the Curve; ED: Emergency Department; GI: Gastrointestinal diseases; ICU: Intensive Care Unit.  Note: Bubbles sizes 

represents the sample size in each study.  

 

sample:71

sample
( 920026)

0.4

0.5

0.6

0.7

0.8

0.9

1

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

A
U

C

Studies publication year

Cardiac GI Haematology Renal Stroke Oncology Respiratory

Infection/ Sepsis ICU ED Surgical Medical Linear (Baseline)

Page 48 of 51

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

 

22 

 

 Figure S2. Predictive performance of early warning scores for intensive care admission in studies from 2005 to 2020 for different disease subgroups and 

clinical settings 

 

Abbreviations: AUC: Area Under the Curve; ED: Emergency Department; GI: Gastrointestinal diseases.  Note: Bubbles sizes represents the sample size in 

each study.  
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Figure S3. Predictive performance of early warning scores for cardiac arrest in studies from 2012 to 2020 for different disease subgroups and clinical settings 

 

Abbreviations: AUC: Area Under the Curve; ED: Emergency Department; GI: Gastrointestinal diseases.  Note: Bubbles sizes represents the sample size in 

each study. 
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